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Rocurster, KENT. oe ona ow. MILLWALL, LONDON, 8. ine | FEED WATRIC TRA Tans Ss Vast 

ond 12, Caxnow Staner, Losor- ‘PADDLE OR SORRW STRAMRES OF SSR NG EEE EDEN CONDENSERS, AIR HUATBRS. -' [ Parents, 


STEAM ROLLERS. ROAD LOCOMOTIVES. 
STBAM CULTIVATING MACHINERY, 
STEAM WAGONS, TRACTORS, 

CENBET-MARING MACHINERY. 6030 


Nn GQ. Mumiord, Gh 


CULVER STREET WORKS, COLCHESTER, 
On ADMIRALTY AND Wank OFFIce Lists. 
ENGINES for Torpedo Boats, Yachts, Launches. 
BOILER FEED PUMPS. 

See Advertisement, “ 29. 

PATENT WATER-TUBE BOILER 
AUTOMATIC FEED REGULATORS, 
And Auxiliary gern! A as supplied to the 
Admiralty. 217 





(‘ement. —Maxted & Knott, 


Lrp,, Consulting Cement Engineers, ADVISE 
GENERALLY on proposed Cement Schemes FOR 
ENGLAND AND ABROAD. ADVICE ONLY. 
Highest references. Established 1890. 

Address, BURNETT AVENUE, ~ tom 
Cablegrams : “Energy, Hull 5234 


(\ranes.—Electric, Steam, 
wise i Moding and HAND. 
f all types and sizes. 
GEORGE RUSSELL & CO., Ltp., 
Motherwell, near Glasgow. 5697 








~ STEEL TANES, PIPES, GASHOLDERS, be. 


M[lhos. Piggott & Co., Limited, 
RMINGHAM. 4457 
See Advertisement last week, page 98. 


Plenty and Gon, 


MARINE ENGINEERS, &c. 
Newsury, BNGLAND. 








9983 





Plank Locomotives. 

Specification and by powers | equal to 
Main Line Locomot 

R. & W. HAWTHORN, LESLIE 4 & COo., Lrp., 

ENGINEERS, NEWCASTLE-ON-TY? TYNE. 5699 


Mhe Sg Railway 








neerin, ; Company, 
AN, G Ww. Lop. 
London Glee 15, Victoria | Street, S.W. 
MANUFACTURERS 0’ 
RAILWAY be "> ie So AND TRAMWAY 
WHEELS & AXL 


CARRIAGE & WAGON TRONWORKS, also 
CAST-STEEL AXLE BOXES.  —5769 


P & W. MacLellan, Limited, 
CLUTHA WORKS, GLASGOW. 


MANUFACTURERS 0 
RATLWAY CARRIAGES AND WAGONS, 
OF EVERY DESCRIPTION. 


RA’ WAY IRONWORK, BRIDGES, ROOFING, &c. 
Ci:ief Offices: 129, Trongate, GLascow. - Od 8547 
Reg cered Offices: 1084, Cannon St., London, E.C. 


F ler, Horsey,Sons & Cassell, 


SPECIALISTS 
nm the 
SALE AND_ VALUATION 
of 
PLANT AND. MACHINERY 


an 
ENGINEERING WORKS. 
iIGH HOLBORN, LONDON, 


~ 
eo 


w.c. 1. 


ig vincible ncible ( Yange ( y lasses. 
BUTTERWORTH BROS, Ltd., 
Newton Heath Glass Works, 
Manchester 


Iron and Steel 


bi ‘ubes. and GES incase 


6145 


Scottish Tube Co., Ltd., 








Od 9753 


° ¥ achts, Launches, or Barges, 


: Boilers 
See page 100, July 27. 


Exceptional Shallow Draught 


BLS PROPELLED BY STEAM 


Turbines or 
Internal Combustion Engines. 


(‘ampbells & Hater, L 4. 


Gear Cutting. 


Worm Wheels cut up to 13 ft, diam. 
Bevel and Mitre Wheels planed up to 3 ft. diam. 


Od 8759 








DOLPHIN FOUNDRY, LEEDS. 4547 





Built complete with Steam, Oil a rem 
Motors, ; or Machinery supplied 1d. 3551 
VOSPER & CO., Lrp., Broap Sraxsr, iano 


. FOR 
Qheet 
write 





Me! Stampin, 8 or 


GARTSHERRIE ENGINEERING & FORGE CO., 
50, WELLINGTON Stree?r, GLaseow. 5433 





& ye FUBL APPLIANCES. 


Systems 
Saeme. omg STEAM. 
For Boilers of al 


pl as rintenb. 
35, The Temple, Dale Street, 


Liv 1; and 
108, Fenchurch St., London. 
Speciality. 


Naval Outfts a 


4078 





ocomotives Tank Engines 
ed and constructed b 

MANNING, we DLE AND COMPA 

Boyne Engine Works, Leeds. Od 2487 

See their Tilus, A Advertisement, page 111, last week. 


MOLTITUBULAR AND 
ochran C TUBE TYPHS. 


, LIMITED, 





5734 





Punch and Shear Machine 
SPECIALISTS. 4784 
Consult us. “The Best and the Cheapest.” Large 
Stock. Satisfaction Guaranteed. Established 1 
SCOTT BROS., Wes? Mount, HALIFAX, 


3 Gripoly . 
MACHINE BELTING 
Driving 


(jonveying 


Fi levating 








Sore MANUFACTURERS 


Les & T'y lor, Ltd., 


CARDIFF. 5484 


Lonpow. MANCHESTER. GLaseow, 


ubber Stamps, Stencils, 
Fc hay Fae oon one ge —— Wages Boxes, Pay 
mberers and Daters for 





eee aah Gs eles. 6082 


ASH RUBBER STAMP CO., Lrp., 
198; Constitution Hill, Birmingham. 


Welenk fis 











Heap OnFiCE: 8, Roberteon Street, Glasgow. 
“OO ttscsssen 





1788. Telegrams—‘ Sipasx.” 


Boilers, Tanks & Mooring Buoys 
Sriis, Perrot Tanks, Arm Receivers, STEEL 
Curmvyeys, RiveTep STEAM AND VENTILATING PIPES, 
Hoppers, SpeouaL Work, REPAIRS OF aut Kp Kips. 


F[Tubes, Iron and Steel. 
Edwin Lewis & Sons, Ltd., 
_ Wolverhampton. 


[lubes 





and Fittings. 





tewarts and J loyds, fF tc., 
Ss Lees 


Glasgow and Birmingham. 


See Advertisement page 74. $701 





FRebber MANUFACTURERS 
Packings “ finestone” 


GUTTA PERCHA & RUBBER, LIMITED, 
Canada. 5018 


New Chicago Automatics, 


Three Sizes, Delivery from Stock. 
NEW CAPSTANS, 1} in, through the wire feed. 


Toronto 








JOHN MACNAB, Mary Srreer, Hype. 
Tel, No.: 78 Hyde. 


THE WELL-KNOWN 


Fiize Re Moulding Gand, 
IRON, BRASS, ALUMINIUM. 
APPLY, 


Mansfield Sand Co., Ltd., 


MANSFIELD, NOTTS. "$195 


\ enerating 
Kw., triple expansion engines, 440/550 volts 


6102 





D.C. 

One 275 Kw. Willans-Westinghouse, A.C. three 
phase, 50 periods, — — 

GENERATOR, 200 , 500 volts, 


., compound 
A.C. MOTOR, bio HE, 40 periods, three , 
A.C. MOTOR, 120 HP., SO ene 
phase, by Mavor & 


JENNI NGS, 
West Walls, Newcastle-on-Tyne. 6048 
Tue Giasecow RoLiine Stock anp PLANT Works. 


Hs Nelson & Co., Litd., 


aoa Oe ae WAGONS 
ARS and Ev DESCRIPTION 

2 RRILWAY & TRAMWAY ROLLING STOCK, 
Makers of Waeets & Axies, Ravuway Pant, 

—— Smrra Work, IRnon anp Brass Casrinas. 
red Office and Chief Works: Motherwell. 





ft Onice See ee Chambers, 31, Queen Street. 
: 14, Leadenhall Street, B.O, 
Ses Theurolod “Ades. in alternate issues. 





R. as Pickering & Co., Ltd., 
EsTABLISHED 1864 » 
BUILDEBRSof sarunay CARRIAGES & WAGONS. 
MAKERS of WHEELS and AXLES of all kinds. 

RAILWAY WAGONS FOR HIRE, 
Chief Works and Offices 
WISHAW, near GLASGOW. 


London Office : 
3, Vicronta StREET, WesTMineTEeR, 8.W. 


Sets, Two 375|M 


STEAM anp GAS KETTLES. 
Merrill's Patent TWIN STRAINERS 
Pump Suctions. 
SYPHONIASTBAMTRAP PS, REDUCING VALVRS, 
a: -class GUNMETAL STEAM FITTINGS. 
ATER SOFTENING and FILTRRING. 5728 





Yarrow Patent 


ater-tube oilers. 


4985 
Messrs. YARROW & CO., UNDERTAKE the 
PRESSING and MACHINING of the various parts 
of Yarrow Boilers, such as the Steam Drums, Water 
Pockets, and Superheaters for British and Foreign 
Firms not rs cb. the necessary facilities. 
YARROW & CO., Lrp., Scorsroun, GLASGOW, 


Delta Metals. ENGINBEMING ALLOYS. 


Bars Sheote. Wire, Tu 
POUT DELTA “METAL GO $008 
East Greewwicn, LONDON, 8.8. (at Birmingham) 


Mitthew pal & (Ce. L‘- 


Levenrorp Works, Dumbarton. 6054 
___See Full Page Advt., page 68, June 29. 


Frorsings. 
we. vec’ & Co., Ltd., 


HALESOWEN. 


Taylor & Challen 


Presses. 


Railway 


G witches and 


rossings. 
T. SUMMERSON & SONS, LIMITED, 
Dagumerton. 











RAILWAY CARRIAGES, ELECTRIC CARS, &c 


H™ Nelson & (o., [4 


THe Guiasgow Rouiive Stock aND PLANT eee 
MorneRweLu. Od 3383 





achine Tools in Stock :— 
Vertical DRILLS to admit 18 in., 26 in. 
and 36in, diameter. Bolt Screwing MACH 
lop in. centre Special roaring ate HE. 
hand PLANER. 38 tt t. by 6 
CRE 200" Lep,, 4380 


Chamber Ie eg Warks, Hollinwood, Manchester. 


[ ™prov roved High Pressure 
34 Is4 bobo nade GLOBE VALVE, 
See our Advertisement in last week's issu 
BRITISH STEAM SPROTALITIBS, 
Bedford Street, Leicester, 


Mechine and Cagis 
WORK of all one ae 


Manufacturers, Paten &c repairs © ana 

renewals, Best work, moderate .—ROSS 

& RUSSE ae Lee. s,Gucen’s Wharf, mersmith. 
NEW °T.—Rosser & Russets., Ltd,, 

are abn to undertake the manufacture of articles 

at present made abroad, and will be pleased to hear 

from firms desiring such work execu 9211 


CHANTIERS & ATELIERS 
A ugustin - N ormand 
67, rue de Pe —LE HAVRE ‘ 
ree qPrance.) 


3890 
Destroyers, Torpedo maces, Yachts and Fast Boats, 














bmarine bmersible Boats. 
8353 | NORMAND’S Patent Water-tube Boilers, Coal or Oil 
Diesel Oil Engines. 


Heating. 





Dredsizg Pisnt 


OF ALL DESCRIPTIONS, 
FLOATING CRA. COAL BUNKERING 
ESSELS. 5824 


Werf Conrad, #AAnEn.: 


Agents: MARINE WORKS, Lrp., Friars Hovsr, 
39-41, New Broap Sr., LONDON, B.C. 
See half-page Advertisement, last and nert week. 


(jentrifugals. 


Pott (‘assels & Williamson, 


MOTHERWELL, SCOTLAND. 


5466 
See half-page Advertisement page 78, tea 13, 
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[ihe Manchester Steam Users’ 
soa 


For the Pre oe ss Saiaiatins ioe 

for the Attainment of in the Application 

of Steam. 9, Mount Street, MANCHESTER. 

Chief Engineer : Cc. B. STROMEY BR, M.1.C.B. 
Wii. Farreairn. 


w 
ties paid f 
tnd Botlere os babi tn case ot forit 





niversity of Birmingham. 


Parnrcrear—Sir OLIVER LODGE, M.Sc. D.Sc., 
LL.D., F.R.S. 
Vick-Princepat—Dr. R. 8. HEATH, M.A. 


EBNGINBERING DEPARTMENTS. 
1.—MECHANICAL ENGINEERING. 


Cuance Paoresson—F. W. BURSTAL a MLA. 
.), M. Inst. si M. Inst. 
of ORTER, Me. (Vict.), 


DemoxstTRaTon—({Vacant). 
Leorvaer on Macutne Desion—F. J, BROSCOMB, 
M.8c., A.M,.1.M.B. 
ANT gt on Macurmre Desiex—W. G. 
WISHART, B.8c. 


I1.—CIVIL nee 


ISTA “Taston “AND DEMONSTRATORS— 
ROBERT C. PANTON, M.Sc., __ A., B.A.L, and 
. M, CHADWIOK, M.S8e., A.C.G. I. 


IlI.—BLBCTRICAL ENGINEBRING. 


Proresson—GISBBERT KAPP, M.8c., D.Eng., 
M. Inst.C.B., M. Inst. B.B. 

Leorunens—B, 3. KIPPS, M Sc., M. Inst. B.B., and 
THOMAS F. WALL, D.Sc. _fifanch 1)! D, Eng. 
(L'pool), A.M. Inst. C.H., A. 

AssrsTarr LECTURER AND D&MonstRaTOR-(Vacant). 


THE FULL COURSES BXTEND OVER FOUR 
YBARS, and Stadents whoenterafter Matriculation 
and pass successfully the Kxaminations at the end 
of each year WILL BH ENTITLED tothe DEGREB 
of BACH BLOR of SCIENCE in Engineering. 


THE SESSION 1917-18 COMMENCES ON 
TUSBSDAY, 2nd OCTOBER, 1917. 


For detailed Syllabus, with fall particulars of 
University Hegulations, Lecture and Laboratory 
Courses, Scholarships, &c, apply to the 
SECRETARY. 


niversity of Manchester. 
aoc RAS 


DEPARTMENTS CIVIL. MBCHANI 
AND BLBCTRICAL ® ENGINEERING. 


Fu! lars of the be Courses will be forwarded 
on applfction tote ISTRAR. 


REG 
ee COMMENCES on the 4TH 
ocTOBBR. H 435 


GQouth - Western Polytechnic 
INSTITUTE, CHELSBA, 5.W. 3. 


UNIVERSITY and TECHNICAL DAY and 
BVENING COURSES in MBCHANICAL and 
ELECTRICAL BNGINEERING commence 24th 
September, 1917. 

Scholarship Examination, 
Ten a.m. 

Apprenticeship Scheme for Engineers. 

Prospectus on application to the SECRETARY 
(Room 24). 

Telephone: 899 Western. 





17th September, 


H 451 





UNIVERSITY OF DURHAM. 


rmstrong College, 
NEWCASTLE-UPON-TYNE. 


Pricipat—W. H. HADOW, M.A., D.Mus., J.P. 


SESSION 1917-18. 
COMMENCING 24th SEPTEMBER, 1911. 


Departments of MECHANICAL, MaRine, CIVIL and 
ELEcTRICAL ENGINEERING, NAVAL ARCHITECTURE, 
Minine, METALLURGY, AGRICULTURE, and of Pure 
Sc ence, Arts and CoMMERCE. 

Full particulars may be obtained on application to— 

F. H. PRUEBN, M.A., Secretary. 

Armstrong College, Newcastle-upon-Tyne. 6156 





nst. C.F. and all Engineering 
Bxaminations.—Mr. G. P. KNOWLES, B.Sce.. 
Assoc.M.Inst.C.B., F.S.1., M.R. Sent. T PREPARES 
CANDIDATES personally or by mdence. 
Hundreds of successes, Insluding the ne Bay. ss Prize. 
Courses for next etme oe and October are just com- 
See ee it., Westminster, §.W. Tel. 


H 289 | No. 1402, V 








[ihe University of Sheffield. 


SESSION 191 1917-1918. 


Vice-Chancellor: W. , RIPPER, Ls, Eng., D.8c., 
M. In at.0.8. B., J.P. 


DEPARTMENT OF AP’ APPLIED SCIBNCB, 
COMPRISING 
FPACULTIGS OF HENGINHERING AND 
METALLURGY. 


PROFESSORS IN THE DEPARTMENT. 
Mechanical peaetege WT. Ripper, D. Hng., 
D.Sc., M.Tnst.C.B. 


Metaliurgy—J. °: ArvNoLp, D.Met., F.R.S. 

Mining—F. B. Anmsrrone, M.Sc., A.M.Inst. C.E. 

Applied Chemist 3° T. . O'S, M.8c. 
ematics—A. A, 


Physics—S. R. Lah, D. Bo. eating Teed. 
Chemistry—W. P. Wrxwe, D. 8. 
Geology—W. G. Faeaunsipes, M.A. 


a 8 Ey, pa se H, Crapper, B.Eng., 
turer, 
Civil 1 gineering 9. {USBAND, B.Eng., A.M.Inst. 
8 ne mg 
Gines Tee ary hnology—W. B. 8. Turnwer, D.Sc. (Lec- 
tu 


The subjects in which Courses of or rag are 
peng include Engi sineertag ematia, Physten, 

wae De ares Le wepens a thematics. ysica, 

TheDE banat TOPRNGINEHIIN Gincludes 


Courses 
Chemical ‘in _— Studenta spectalise in 
one or other o these tra nches in the third year of 


their Course. ange gt in LK ey extends 
‘or the Bagree ot 
Hoginetna re. Eng.) or y 


e University in Mngiceeri 
three years’ Courses are 
pret Pa ote Net who ° otne to the University om 
Works in rom other centres, taking 
six months’ stay oy "the University and six 
months’ tice at the Works each 
PAR RGY includes 
6) the 





TheD TMENTOF METALL 
(a) the psy | of Iron and Steel, and 
Metallar, on-ferrous Metals. 
in Metailu 


ie The ree 
extends over ee 
for the Degree of Bachelor of Met sll 
fa. Met. Motctiucgy for 


the Associateship of the versity 


urgy. The equipment of this department 
is on an exceptional iy complete and practic. scale. 
The work of the DB pny T OF intone 
MINING includes a three or eae xeees 
hares scapes ee ape Ay = six pnt Rom Ualrereity 
mon A 
"The  DHPAREMENT OF APPLIBD OREMISTRY 
deals oagery subjects relating to various 
Maing, and of the Coal and Coke 
bie may reg aon OF GLASS $ TROUNOLOGY |" Lal 
provides (a) a joma Course wing aystema 
itady “7 e ent geuetibe of Glass gm 
facture, for a af teen pases ona ay Pen 
x and 


B COURSES of all the 
eee by Practical 


Ce pk and Foundries fu 
the purpose of advan of ad scientific re inves- 





n Labora- 
uipped for 


TENDERS. 
MANCHESTER CORPORATION WATERWORKS. 
The WATERWORKS COMMITTEE invite 


[renders for the Supply and 


ERBUTION of TWO BLECTRICALLY- 
DRIVEN TURBO-PUMPS with Automatic Control 
and Switch Gears, Pipes, Valves, &c. 

ee and Form of Tender can be obtained 

n application tothe roared Water Department, 

Town Hall, Manchester. 

hb pry endorsed ‘*Tender for Turbo-Pumps, 

&c.,” and addressed to the Chairman of the Water- 

wate Committee, to be forwerded not later than 
the 18th August, ch 

y 





Order, 
THOMAS HUDSON, 


Town Clerk. 
Town Hall. Manchester, 
30th July, 1917. H 433 


ae 








APPOINTMENTS OPEN. 
CITY OF BIRMINGHAM. 
ELECTRIC SUPPLY DEPARTMENT. 


Pras OF “ASSISTANT CONSTRUC- 
TIONAL ENGINEER 





_—_ oo, 


n Assistant Constructional 
ENGINEER is REQUIRED to assist in the 
prepamtion of specifications and plans for new 
ings and lay-out of new steam and electrical 
plant, and in anpertavonting the erection and 
testing of such plan 
He should be Riniliar with the datest practice as 
nee See aah Generating stations and should 
i. workshop, central station and 
rawing oe experte 
Forms of application, which may be obtained — 
the Secretary of the Blectric Supply Departm 
14, Dale Bnd, Birmingham, must be filled in by - 
applicant, » stating salary required, and accompanied 
bs hee n three testimonials as te 
lence, ot auttite and character, These should be 
cons to the be gy August 25th, 1917. 
City Blectrica! Engineer. 


H 419 
COUNTY BOROUGH OF WEST HARTLEPOOL. 
TECHNICAL COLLEGE. 


Aon Teacher (ineligible 


nee. 


14, Dale End, 
Birmingham 





TYNE IMPROVEMENT COMMISSION. 
DREDGING SUPERINTENDENT, 


The Tyne Improvement Co: Commission require the 
ervices of a Competent Per- 


a, duties of ee 
SUPERINTEND 
Applications, 


eover, marked ‘ Dredging Superint 
later than noon on rao EY the 6th 6th cant 1917. 
Fingtsreor’ Depart we Bae his ray pe will include 
"s men le 
the superintendence of the whole of the d 
carried Sg hy the Commissioners in the River 
and the Lona 8. wy gl te aggre 
nected tery oo pac ay 
Further in as 7 “the duties can be 
obtained on apolieation: 
Personal canvassing = be a disqualification. 
dq. ucpon up MANSON, 
General Manager a: 2 nlp 
Tyne nna ah Commission 
Newcastle- a 
25th Jaly, 19) 
CITY OF CARDIFF. 


APPOINTMENT OF CITY aa AND 
8U RVEYOR 


Hi 428 





Applications ar are Invited for 
this —_ ntment, Inclusive salary £1000 
od s~y opioaiere, conditions and duties 

obtained on a . Personal can- 
woctian will @ t each candidate shall 


age and experience and -en- 
meer,” to be delivered on or 


1917. 
WHBATLEY, 
Town Clerk. 
City Hall, Cardiff 
Ist August, 1917, H 437 


MUNICIPAL TECHNICAL SCHOOL, 
BLACKBURN. 





Lecturer Required in 
MECHANICAL ENGINEERING, to com- 
mence duties about 17th September, 1917. 
Salary £160 to ee annum, according to 
qualifications and La) pees: 
Applications shoul be sent before . Hes 20th to 
br 7 1, Dr. eslars hay ame ae. from 
whom farther A rsa, 
WHIPPLE, ran 


Director of Education, 


UNIVERSITY COLLEGE OF SOUTH WALES 
AND MONMOUTHSHIRE 
(Coleg Prifathrofaol Deheudir Cymru A Mynwy.) 


f['emporar Lecturer in 
ENGINEERING REQUIRED. Salary 
the rate of £200 per annum. Ap intenent 5 
duties to commence on October Ist, 1917, 
Candidates must hold a University Degree or ite 
censverent, and possess satisfactory qualifications 
for taking entire charge of all Courses in the Engi- 
neering Department for First-Year Students. 
Further particulars may be obtained from the 
undersigned, . J. A, BROWN, 
Registrar. 





veer College, 
Cathays Park, Cardiff: 
July-40, 1917. Hi 447 


(ost Accountant.—Wanted in 
large Deere Works in the Midlands, 
= mploving over ds, an expert COST 
NTANT. Poe thoroaghapensente e man. well 
eabega in accounts and familiar with the latest 
costing methods, a permanent position is offered. 
Only those with practical experience in similar 
works need apply.— Address, stating age, experience 
and present employment, which particu wine 3 will be 
ed «as confidential, H 418, Offices of 
BNGINEBRING. 


A Firm of Engineers and 


Steel Founders can OFFER a good POST to 
really first-class business man with thorough 
knowledge of modern systems of works, sales and 
general office organization. Preference will be 
given to one with experience in the neering 
or motor trade.—Write, stating qualifications and 
sala’ 7 to BOX 5910, care of A. J. Wizson 
= , Ltd., 154, Clerkenwell Road, sy 


Chhiet Engi neer Re 
Sines a, wy, i000 
cating experience, H of 


Piectrical Engineer.-Wanted, 
Gompetent Blectrical BNGINEER, able to 
take char, Ot the installation 
board all electrica} a) 


Belary. ae station. 
—A 











uired for 
don district, 
a. —Adaress, 

GINEERING. 





lation of Seana, — 
Saher apply. 


peers eee 


[Avs..3, 191). 
ee 
Tr, for Gov: TH. 


Works 
ment + With widg 
ex of small and accurate repetition v.. 

: lass knowledge of aut ‘all 


. Li I ter: 
first-class engineer with a se at f» 

cattwnh the stove qual fications. Ww 
aioe. oe SELL's Advertising Offices, © 


Word er.—A really 
trait carable MAR, © ee 
ining and experience in works administ-.:i 

KueQU LiteD to take char, 7s large ac leas 
fe Laeger N.W. Apr oe ew not neces. 
sarily bi previous experience in aeron: itheal 
engin. Noone od on Governme: » 
or resident more than i miles away need me igeal 
Write, stating salary required, to H412, Of:c-s of 
ENGINEFRING. 


W anted, First-class. FE» gis 


NEERING CLERK of WORKS, com: cies 

oe undertake control over the erection . al 
lers, pipe-work, &c., for large 

electric power station. Must be compet «: it te 
engineer and test plant, conversant with the latest 


energ . 
ry. £208 per ear, with war bonus £15.—A¢ ee 
i 348, Offices of ENGINEERING. 


W ant ed, Assistant Engi- 


NEERING CLERK of WORKS, well up 
in electric power station di 8, Competent te 
inspect and test plant; energetic man on!y need 
apply. Salary £5 per week. Must be ine! igible 
for military service.—Address, H 349, Offices of 
ENGINEERING. 


ssistant 
WANTED in la 




















Superintendent 
engineering works, em- 
loyed seleby on direct ernment contracis. The 
ob is manent and will continue after t)e war, 

A capable and ——_— man experienced in repeti- 

tion work will find ample opportunities for 

advancement,—Address, stating age. experience, 
and salary to H 342, Offices of ENGINEERING. 


Wanted, by Electrical En- 


agen. Firm in Midlands on important 
Government work, a YOUNG MAN o! good 
education for commercial position in Purchasing 
Department. Previous experience not essential; 
preference given to one who has received tec -hnical 
engineering education. Young man -dischar 
from army or navy, or unfit for service would suit, 
ae a agen already yn ge on Government work 
ed. — y, your nearest EMPLOY- 
int EXC ANG? ign a te this Journal and 


Wars Engineer, over Mili-- 


tary age, fora mranufacturing concern in 
Lancashire (not engineering) employing about 900 
hands. Duties consist of up-keep of all plant, 
machinery and ee Must have had similar 
experience, especially in building construction, as 
large extensions at present are taking place. No 
man at present employed on Government work will 
be engaged.—State age, full experience, together 
with mieey required, accompanied by recent testi 
monials, to BOX ‘0 278,” Lee & NigurinGaLe, 
Liverpool. H 432 


A Saistant Engineer, experi- 
enced in Blast Furnace and Stee! Works 
Plant, WANTED for Steel Works in South Wales 
under Government control. Must be Six o'clock 
a.m. man. Ieeligible for military service, and not 
alieady engaged on ment work. — Apply, 
stating age, qualifications. and salary required, to 

your nearest BMPLOYMENT a 
quoting No. A 3439. H 298 


‘W anted, Foreman Engineer, 


to take ebarge of all plant, such as om 
ressors, steam boilers, electrical plant, &c., &c., 
used at an Explosives Facto manufac caring 
Cordite and other explosives. ©-one at pr 
engaged on Government work need apply. —State 
salary required and whenat liberty, to BOX E.K. 38, 
care of Dawson's, 121, Cannon Street, E.C.4. H3% 


anted, a Good Practical 


MAN as RATE FIXER in a large Crane 

pbc North of England. No person employed 

pon Government work will be engaged.—<ppiy, 

cating ex rience and salary, to your nearest 

EMPLOYMENT EXCHANGE, mentioning this 
Journal and H 371. 


Wee Engineer, Having 


@ thorough practical knowledge of gas 
producers, gas and coal-fired furnaces, competent 
to take charge of drawing office, estimate, draft 


——— and de Api 
P, WINCOTT, Lrp., 2 
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STRESSES IN ROTATING DISCS WITH 
A HOLE AT THE CENTRE. 
By W. Kwyicut. 

THE object of the present paper is to give some 
relatively simple formule for the determination of 
stresses in rotating discs, either of uniform or of 
varying thickness, with a hole at the centre, produced 
by the centrifugal force of the disc only or by the 
centrifugal force of projecting masses attached at the 
periphery of the disc (as is the case with a turbine 
wheel with blades fitted at the periphery). 





on the “ Design and Construction of Steam Tur- 
bines,” has published some other formule and a 
plot of them for three shapes of discs. 

The results obtained by using my formule are 
identical with those obtained by using Dr. Stodola’s, 
and they agree also very closely with the results 
obtained by using Mr. Martin’s formule. In order 
to facilitate the comparison I have followed the 
same scheme used by Mr. Martin in plotting some 
of my diagrams of stresses. 

Discs of Hyperbolic Profile—We will consider 
the case of a disc with a hole at the centre and 


Fig. 7. DISC OF UNIFORM SECTION(=«-0) WITHA CENTRAL HOLE. 
«THICKNESS OF DISC AT ANY RADIUS "xc" =CONSTANT x x-™ 
Contrifagall ‘Force of. 


Masses 
Surface at of Disc. nsf 


TO CENTRIFUGAL FORCE OF PROJECTING MASSES 


O- Tangential Stress of a thin Ring rotating 
at the } as the Disc. 
DUE TO CENTRIFUGAL FORCE OF DISC 


6:-Tangential Stress-6;rNs (Temas of “Ts” = 6,-Tangential Stress-On (Values of ‘n'from 


6,.-Radial Stress-6, 1 (Values of “13; from 
Dotted Line Curves) 
M,.= 


Full Line Curves) 
6,.-Radial Stress - On ( Values of “nr trom 
Dotted Line GQurves) 


M,= 


Values or n 


SECTION(x-5S)WITH A CENTRAL HOLE. 


OF DISC 


per 
ae 


TO CENTRIFUGAL FORCE OF PROJECTING MASSES 


Tangential Stress- Values of "Nis" from 
« ins fy Aa ana 
6,-Radial Stress-6, 13 (Values of “Te; from 
Dotted Line Qurves) 
M,= 


(sors.a) Values of rs 

A graphical representation of the tangential and 
radial stresses in straight discs and in discs of 
hyperbolic profile of the shapes most commonly 
used in practice is shown, and it is hoped that they 
will prove useful in doing away with the tedious 
process of solving the formule given and in readily 
picking out the proper shape of disc to be used for 
& given duty. 

Several formule have been derived by different 
authorities for the determination of stresses in 
rotating discs of hyperbolic profile, and those 
published by Dr. Stodola in his book on “ Steam 
Turbine ” are well known to turbine designers. 

Mr. H. M. Martin, in a book of recent publication 





ANY RADIUS ‘°X"=CONSTANT x x-™ 


ae : 
theDise. 
DUE TO CENTRIFUGAL FORCE OF DISC. 
6,-Tangential Stress-On (Values of ‘n"from 
Full Line Curves) 
6.-Radial Stress = On (Values of "ru" from 
Dotted Line Curves) 


C= 
a 


MM, = 


of w 


having a profile represented by the equation : 


c 
y= - 


ae 

Where y is the thickness of the disc at any radius z, 
c is a constant, and a may be either positive or 
negative or equal zero. 

For a = 0 we have the case of a disc of uniform 
thickness. 

For positive values of a we have the disc section 
used by de Laval for small wheels. 

For negative values of a we have a profile of 
disc increasing in thickness from the bore toward 
the periphery. 


The exponent a is given by : 
log " 
Ye 
bat 
sad | 
Where y, and y, are the thicknesses of the disc 
at the corresponding radii z, and 2,. 
The following symbols will be used :— 
ot, Or = tangential and radial stresses at any radius due 
to the centrifugal forces of the disc only.4 
o:',0,1 = tangential and radial stresses at any radius due 
po oe centrifugal force of the projecting masses 
only. 

o = tangential stress in a thin ring of the same materia 
as the dise, and rotating at a speed equal to the 
peripheral speed of the disc. 

m = ratio of radius at any point to the outside radius. 

my = ratio of radius at the bore to the outside radius. 


nest a/eravti 


om a2 
/* +av+l1 
v = Poisson's ratio. 
A = (2 — v2) (1 — v2) B; 
re _2-2 191 
8 — (3+ v)a; 8—33a 
C = — (2 — v2) (1 — v2) Yo; forv = 0.3 C= —Li&y, 
D=(2—e)(l1—wv)y,; forv=03 D= 1.74 yy 


ane {A [ — m+ 
\ 


m¥1 — ¥2(m,3— ¥2 — 1)—(m,3 — ¥2 — m, ¥1 — ¥2 ) 
J 


am __ 


log 


2 
a 
a= 


(for steel v = 0.3) 
forv = 0.3 A = 174B 


forv = 0.3 B= 


m1 — Ve (m¥i —¥e—1) 
=o n (values of n from dotted-line curves). 


ome {n[— m+ 


Cm ¥i~ ¥olm,3 Os. 1 )a. D(m,* — Ve sama] 
m1! = Ve (mo¥i = ¥e— 1) 
= ¢ n (values of n from full-line curves). 
m,¥1 — Vag “im Ve 
m1} — V2 (m,¥i — VA) 
= G3 nz (values of nz from dotted-line curves). 


— m,¥1~ Va ve m1 ~ ¥2 
o*;= _——- " 
‘ m'~ ¥a(1—m,¥1—¥2) 


= 03 nN, (values of n, from full-line curves). 


By putting m =m, in the above formula we 
obtain the stresses at the bore, and by putting 
m = 1 we obtain the stresses at the periphery of the 
disc for any value of my. 

From Figs. 1 to 5 the radial and tangential stresses 
at any point between the bore and the periphery of 
the disc can be obtained for values of m, between 
m, = 0.1 and m, = 1.0, and for values of a equal 
0, 0.5, 1.0, 1.5, 2.0. The right-hand side of the 
diagrams gives a set of values of n which, multiplied 
by o, give the tangential stresses (values of n from 
full-line curves) produced by the centrifugal force 
of the disc only, and a set of values of n (from 
dotted-line curves) which, multiplied by o, give 
the radial stresses produced by the centrifugal 
forces of the disc only. On the left-hand side of the 
diagrams two sets of values of n, (full-line and 
dotted-line curves), multiplied by o,;, give the 
tangential and radial stresses, respectively, pro- 
duced by the centrifugal forces of the projecting 
masses only. 

From Fig. 6 values of n and n, for stresses at the 
bore can be obtained (from full-line curves), and 
for stresses at the periphery (from dotted-line 
curves) for any value of m, between m, = 0.1 
and m, = 1.0, and for values of a between a = 0 
and a = 2.0. 

From Fig. 7 values of n and n, for tangential 
stresses only at any point between the bore and the 
periphery can be obtained for any value of a, 
between a = 0 and a = 2.0. 

These seven plots, of which every point has been 
carefully calculated, will give, it is hoped, a very 
clear idea of the distribution of the stresses in a 
disc of a given shape and of given proportions. 

In the case of a turbine wheel we have a hub and 


ol, = o% 





rim which will change the theoretical hyperbolic 
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profile of the disc. In this case some rough approxi- 
mations will still allow the use of the diagrams 
given, obtaining results close enough, for every 
practical , to those that could be obtained 
with elaborate calculations. 

Any addition of metal near the centre of the disc 
will have a negligible influence on the distribution 
of the stresses, and so the influence of the extra metal 
at the hub can be left out of account. 

Any addition of metal which changes the shape 
of the disc near the periphery will have a decided 
influence on the distribution and magnitude of 
the stresses. The weight of the rim shown in the 
shaded portion of Fig. 8 could be considered as a 
projecting mass of metal carried at the periphery of 
the disc, but such an assumption would be a too 
severe one, because the rim is, to a certain extent, 
self-supporting. If we consider two-thirds only of 
that weight as being carried at the periphery of the 
disc we will have, in the average cases, a very good 
approximation. 

In general, a little good judgment in reducing 
general cases to the particular cases of discs shown 
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in diagrams, Figs. 1 to 7 will yield better results 
than the large amount of mathematical operations 
that would be required for a definite analysis of the 
distribution of stresses in a turbine wheel. 

Dr. Stodola has given us two general formule 
for calculating stress in rotating discs : 


om 2, [otonnat + (ys-terbie "+ (yee) "] 


anne [atone ++yiereY+0+yerbeh | 


where, with the inch-lb.-second system : 

w = Angular velocity in radians per second. 

ws = Unit of mass of metal of disc (steel = 000,725). 

E = Modulus of elasticity (steel = 30,000,000). 

Els — (3+) a] 

x = Radius at any point in inches. 

All other symbols having the same meaning as in 
my formule. 

6, and 6, are two constants of integration which, 
in the case shown in Fig. 9, take into account the 
influence of the rim, the hub and a force fit producing 
a pressure o, lb. per square inch at the bore. 

These two constants have heen derived for the 
case shown in Fig. 9: 

ple+f)—-h(m+n), = ™+n—b,o 
———« Te 
where : 
em ee 
E 
z,3 


— hw 3 73 Ye 
f= Mes + gabe (famt +278) 
a¥)| %2.¥2 (Vi + ©) 


I= 


m= oR 
pwr 3? 8 (tom . 
“ft [«, £43 — Az Yo —_ 
‘s a -e 
. 5o yo (1 — 2) 
= _¥2f —%% (vet) 
hoo, L 5o Yo (L — 2) 
The complicated form of Dr. Stodola’s equations 
suggested to me the idea of simplifying and express- 
ing them in such a form as to allow a graphical 
representation of them which would entirely 
eliminate the chance of making errors in the calcu- 
lation, and I hope that I have succeeded in this 
with my diagrams from No. 1 to 7. 


n 


) 





INDUSTRIAL COUNCILS AND THE 
GARTON MEMORANDUM.—No. I. 
As we pointed out recently, the recommendations 
of the Joint Standing Industrial Councils contained 
in the interim report of the Sub-Committee on 
Relations between Employers and Employed were 
in substance proposed in the Garton Memorandum, 
and the two schemes are so similar that there can 
be no doubt that the present proposals are due to 
the same influences as inspired those of the earlier 
document. Where, however, the committee’s re- 
port consists of 6 pages, the Memorandum* runs into 


its scheme and in the reasoning by which it is com- 
mended. The subject-matter is at the present time 
of such far-reaching importance to industry, and 
in particular to engineering manufactures, that 
engineers would be well advised to make themselves 
acquainted with the foundations of the proposals 
that are before them. They have nowhere received 
clearer or more forcible expression than in the 
Garton Memorandum, which is an able, lucid, and 
interesting document, written with unusual authority 
and grace. It purports to be the result of the 
round-table deliberations of persons “of very 
varied views, in touch with both the capitalist 
and employer classes and organised labour, as well 
as with financial, economic, and administrative 
circles”? ; and many who have not the leisure to 
study the voluminous original may care to consider 
the summary of its argument. that is here given. 
The Memorandum includes many more subjects 
than the relations of Capital and Labour; but in 
order to exhibit fairly and without colour both the 
whole of its scope and the relative importance that 
the authors attach to the several parts of their 
material, it has been thought best to give some 
account of the entire document. The summary 
therefore enumerates its principal contents without 
comment. 

(a) The Impending Crisis.—Through mutual 
suspicion and absence of sympathy Capital and 
Labour have failed to recognise the essential com- 
munity of their interests. Their present union for 
specific war purposes is only temporary, and when 
those purposes have been attained will be ended 
abruptly unless the true relations between the 
various parties to industry have been made plain 
and embodied in a concrete policy. ‘‘ Many of the 
men who return from the trenches to the great 
munition and shipbuilding centres are within a 
few weeks of their return among those who exhibit 
most actively their discontent with the present 
conditions. So long as the peril from 
without remains the supreme factor, we may~look 
to the workman to forego his most cherished safe- 
guards”; but “the very moderation and un- 
selfishness shown by the responsible leaders of 
organised labour are looked upon by important 
sections of their following as a betrayal of their 
cause, and by some employers as a tactical oppor- 
tunity.”” Production after the war will tend to be 
lessened through death, disablement and emigra- 
tion, deterioration of national plant, overwork, and 
arrest of industrial education; and though other 
causes may tend to determine an increase, the net 
production on pre-war methods will be less than 
before the war and will long remain so “ unless it 
can be rendered more efficient.” The national 
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* Memorandum on the Industrial Situation After the 
War. (The Garton Foundation.) London: Harrison & 
Sons, St. Martin's Lane, W.C. [Price ls. net.] 





96, and is correspondingly more explicit, both in|. 


income from foreign investments and financial 
services will for years be much below the pre-war 
level ; and with reduced production and increased 
debt, and the dear capital and scarce credit which 
the text of the Memorandum gives reasons for 
expecting, the earnings of industry as a whole at 
the beginning of peace will fall. Indeed, the 
enormous amount that will be payable to investors 
as interest on the National Debt may conceivably 
giye rise to a demand for repudiation, which can 
best be prevented by encouraging wage-earners to 
invest their savings in Government bonds, and 
causing taxation to fall mainly on the creditor 
classes. 

The reduction of their joint income will naturally 
sharpen the quarrel between Capital and Labour 
over its distribution, all the more because high 
prices and vanished separation allowances will 
contrast with the recollection of high war wages 
and the good military standard of maintenance ; 
though the amount of war wages has not been due 
to a high rate, but in almost all cases has been 
earned by unsparing labour on piecework or by 
working long hours overtime. The bitterness that 
will be felt will be intensified through the fate of 
trade union restrictions and dilution of labour. 
“* Pledges have been given for the restoration of the 
status quo,” but “‘ it will be very much more difficult 
than was expected to fulfil these pledges literally. 
Any hitch in the restoration of trade-union 
safeguards ” will powerfully reinforce the belief that 
advantage is being taken of the war to prejudice the 
position of labour. Feelings will be further em- 
bittered by various grievances and suspicions. On 
the one side it will be feared that returned soldiers 
may be used as “black-leg” labour, and that 
compulsory military service may be used as a 
permanent means of strike-breaking and neutralising 
the power of organised labour. On the other side 
there will be influences such as the memory of 
war-time strikes. These forces of discontent will 
be assisted by the natural reaction from the patience 
with which war needs were faced, especially when 


‘the burdens of permanent sacrifice are left to be 


borne throughout the nation in shares that often 
must be desperately unequal. 

Incendiaries are to be found in all classes; and, 
unreasonable though much of this recrimination 
may be, it supplies material with which such persons 
may persuade a large following into industrial war- 
fare, and the more readily because ‘“‘ the war has 
habituated men to the idea of conflict as a means 
of settling disputes.” A similar danger may arise 
from reactionary employers who, remembering that 
even the supreme appeal of the war has failed 
to prevent strikes, ‘‘ extortionate wage-demands, 
broken time, slackness, insubordination, and sullen 
resistance to temporary changes, the necessity for 
which has been openly acknowledged,” may see in 
war conditions the chance of establishing the 
ascendancy of Capital over Labour once for all, and 
creating an industrial Prussianism. 

(6) The Memorandum’s Programmes.—The urgent 
emergency problem is, therefore, “ simply to avert 
an outbreak of industrial anarchy,” which there is 
otherwise every reason to expect at the end of the 
war. If it occurred, it would not improbably ‘“ be 
ended by hasty and ill-considered State action, 
placing industry as a whole under the yoke of a 
bureaucratic tyranny”; and whatever the event 
of the dispute, the prize of victory would perish in 
the struggle.” To avert this catastrophe, and to 
obtain the indispensable increase in industrial 
efficiency, industrial unrest must be removed ; and 
its removal is “‘ the fundamental problem, which is 
both the most important and the least recognised.” 

For immediate purposes special emergency 
measures are proposed, which relate to finding jobs, 
assuring decent wages, settling men on the land, 
teaching men trades, utilising the new factories, and 
disposing of workers who leave or are ejected from 
the war industries. Wages must be increased above 
pre-war rates in proportion to the increase in the 
cost of living, and men ‘“‘ who work at a staple trade 
will, of course, look for the standard rate of wages 
current at the date of their return.” Minimum 


rates might be imposed in many of the feebly 
organised trades, but not in those in which they 





“would represent an increase in the cost 0 
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production and selling prices, and simply become 


a tax on the community as a whole for the benefit, 


of the workers in a particular trade.” If, however, 
employers and employed could be brought into a 
right co-operative relation, friction over wages 
would be less likely, and workers would have a 
better chance of an all-round improvement in their 
condition, “‘due to increased efficiency of pro- 
duction.” 

The constructive measures are mostly indicated 
only in outline. Their discussion includes pro- 
visions for assuring improved health and physical 
efficiency, increased technical and “ civic’ educa- 
tion, labour-saving machinery, works organisation, 
labour legislation, patent-law reform, research, 
methods of distribution, banking and credit facilities, 
provision of capital by savings, assurance of home, 
imperial and foreign markets, the political and 
economic aspects of an allied Zollverein, the land | w 
question, and the organisation of and education for 
agriculture. As the authors point out, much of 
their discussion merely indicates subjects for study 
or describes what has been described more fully by 
others. It amounts, in fact, to a catalogue raisonné, 
which has the merit, among others, of exhibiting the 
complexity of the situation ; an aspect which is the 
more important because its factors, though they 
may be discussed separately, must operate together, 
and measures cannot be adopted prudently for one 
factor without first having been brought to a balance 
with the others. The discussion is most complete 
on the questions that affect labour, which may now 
be described. 

(c) Labour-Saving Machinery.—An increase in 
output, quickly repaying its cost, could be obtained 
by the wider use of labour-saving machinery. The 
men resist, obstruct, or*at least resent it; and this 
less because it reduces their money than because it 
touches their self-respect, and its mechanical 
routine tends to dehumanise them during their 
hours of labour. ‘‘ This feeling is not only a natural 
one, but is based on a sound instinct”; but there 
would be no reason for it if only “ more care were 
taken to explain to operators the purpose of their 
work and the part it plays in the mechanism of 
production.” On the economical side, though the 
men attach less importance to it, they have more 
solid grounds for suspicion. A man fears that the 
machine may lower his wages or deprive him of his 
job, and must in any case destroy the monopoly- 
value of the skill that is his stock-in-trade, so 
reducing him to the level of an unskilled man. Such 
hardship, however, though it is inevitable in all 
progress and in any sudden change, does not prove 
that machinery which increases production injures 
Labour as a whole in the long run. It must be 
recognised that to resist the forces of change is 
impossible, and even to retard them is wasteful. 
“The better course is to develop the new trade or 
system rapidly and efficiently,” doing what may be 
possible to mitigate individual hardships. The 
opposition of the men must be met by discussing 
with them “ through their representatives and their 
trade union the machinery required to meet the 
demands of competition, the rate of its introduction, 
the conditions under which it is to be worked, and the 
wages to be paid. At the same time a 
better system of education, tending to produce all- 
round competence and adaptability, would go a long 
way towards placing the worker above the prospect 
of disaster due to a change of conditions.” 

(2) Works Organisation.—An analogous way of 
increasing output is what is known in America as 
scientific management. In this “‘ the whole routine, 
down to the last detail of every operation, is 
organised by the management, operating through 
a staff of efficiency experts.” This process of 
minute regulation includes not only the “‘ routing ’’* 
of work through the shops, but also the way in which 
each worker’s job is done. Men are trained to work 
to a schedule expressing the ascertained best way, 
as a boat’s crew is trained by a coach. “No over- 
strain is allowed; rest periods are provided. An 
cing increase of output can be achieved 





° Determining the route; not, as some industrial 
leaders have seemed to imagine, routing or hustling up. 
An essentially Hage pao process, it is the exact antithens 
of the p dic activities that constitute 
hustling. 








along these lines ; so that unprecedently high wages 
can be and are paid to those who will work under 
the system.” Yet the men detest it. Their least 
ground of objection is the “natural soreness” 
that the employer makes more by the system than 
their own gain, large thoughitis. Their main reason 
is their aversion to “‘ becoming a mindless auto- 
maton,” gaining no general proficiency, shut out 
from a higher grade of employment, using methods 
prescribed not by the traditions or masters of their 
craft, but by an outside. scientific expert. The 
system cannot, in fact, be introduced without the 
voluntary co-operation of the men; and that 
co-operation can be secured only by submitting the 
proposition to them frankly, and “ transforming 
the whole constitution of the works in such a way 
that the men themselves may have an interest in the 
new system and some share of control over the 
working of it.” 

(e) Labour Legislation.—“ It is clear that organised 
bodies of workers and employers must in the 
immediate future play a greater part in the history 
and direction of our economic life. Only 
a quarter of the whole working population is enrolled 
in trade unions,” and through mere anomaly and 
historical accident different standards and conditions 
have been established. By remedying these in- 
equalities, by further limiting hours, by compelling 
the provision of far healthier workshops with dining 
and rest rooms, “labour legislation should be 
thoroughly overhauled and strengthened to meet 
the demand for a higher general standard of life, 
in such ways as will increase the self-respect, dignity 
and efficiency of the protected workers. r 
All modifications and developments should be 
based in the first instance on the joint recommenda- 
tions of employers’ associations and trade unions.” 

(f) The Interests of Labour and Capital.—The 
agreement between Labour, management and 
Capital that will avert catastrophe must, however, 
go beyond special measures. It must define the 
future organisation of industry; and the first 
condition of agreeing upon such a definition is to 
understand the common and the separate interests 
of the parties. 

The most vital necessity is that the work and 
its conditions shall be such as to make the workers 
feel it to be a fit and worthy occupation, and to 
lead them to be intelligent and self-respecting 
citizens. The conditions of material well-being, 
though different from the conditions of satisfying 
this necessity, and secondary in importance, are not 
incompatible with them. These conditions require 
the output of goods and services to be a maxi- 
mum, waste of material and effort a minimum, 
the supply of capital sufficient, and the distri- 
bution of the proceeds of industry fair. ‘“‘ The 
amount available for distribution depends on 
the amount produced”; and any scheme of 
redistribution of income that ignored the necessity 
for fresh productive effort would tend to reduce 
the total available for division. To restore the 
depleted national capital increased production 
must be accompanied by increased saving and 
investment in productive industries, for from 
no other source can fresh capital be had; and 
such investment can be induced only by increased 
confidence. 

Except when exploiting monopolies, on which 
proper limitations must be put, employers as a rule 
are interested in increasing output, and the only 
obstacles from their side to such increase come from 
inefficiency ; including not only obsolete plant and 
methods and “‘ the presence of ‘ dead-heads ’ on the 
office staff,’ but also an unconscious aversion to 
making the most of their best men by letting them 
earn wages proportioned to their skill. On the 
other hand, employers are not necessarily interested 
in maintaining a high standard of quality. 

The limitation of output by Labour arises from 
three main causes. The first is the wish to avoid 
overwork and insufficient leisure, as social welfare 
requires them to be avoided. Large sections of 
Labour also deliberately limit output in the “ mis- 
taken belief that the less each man does, the more 
work there will be to go round” ; ignoring the fact 
that wages come only out of product, and their total 
amount can be increased only by increasing pro- 
duction. The policy is wasteful, and must be met 





by giving workers greater security of tenure. 
Limitation of output is also practised for fear that 
the standard of the best man may be imposed upon 
all, the average man thus suffering either excessive 
strain or lessened earnings; and “‘ Labour cannot 
fairly be asked to remove” these restrictions 
without “‘ some definite assurance against the evils 
anticipated.” The wages of Labour, with its 
status and men’s interest in their work, would, 
however, be improved if Labour organisations would 
give more attention to questions of craft-training and 
quality of output. 

The net outcome of these considerations is that the 
interests of Labour, Capital, industry and the nation 
require an unrestricted and efficiently-produced 
output of high or even improved quality, and that 
the policies of limiting production and of cutting 
wages must equally be abandoned ; that, in short, 
every man must work and earn to the full extent 
of his ability. This condition can be fulfilled only 
by solving the problem of the relations between 
employer and employed. On the economic side 
this should not be difficult. The interests of both 
sides are concurrent as regards production. Each 
demands the largest possible total for distribution, 
and Labour as consumer shares in the benefit of 
increased efficiency in production. Even in dis- 
tribution their interests are only partly antagonistic. 
Within each trade employers need men whose 
conditions of life make them able and anxious to do 
their best, and men need employers prosperous 
enough to give continuous employment. Within 
industry as a whole, again, both employers and 
employed in each trade are interested in good wages 
being paid and good profits earned in every other 
trade, so as to maintain the purchasing power of 
their customers and the producing power of their 
suppliers. 





THE EXTENSION OF THE TOTTENHAM 
DISTRICT LIGHT, HEAT AND POWER 
COMPANY’S WORKS. 

In our issue of June 22 we gave a general 
account of the works of the Tottenham District 
Light, Heat and Power Company’s works, with 
special regard to the extension which has recently 
been made. Supplementary to this we published 
on July 6 detailed drawings of the new gasholder, 
and in this issue we give drawings on the next 
page, and on our two-page plate, of the gas pro- 
ducers, and of the Woodall - Duckham vertical 
retorts. 

The Tottenham Gas Works occupy a prominent 
place in the early development of the gas industry. 
Mr. Alexander Croll, the well-known pioneer in the 
industry, applied at Tottenham many of his epoch- 
marking inventions. In the year 1845 he was 
superintendent of the Brick-lane Works of the 
Chartered Gas Company, and obtained a concession 
from the Imperial Gas Company to supply the 
districts of Tottenham and Edmonton (which then 
included Wood Green and Southgate). He pur- 
chased a site for gas manufacturing purposes of 
barely 1} acres, which is now at the extreme southern 
end of the works. It appears to have been chosen 
because it was then a coal yard contiguous to the 
Eastern Counties Railway, now a part of the Great 
Eastern System, and had a siding with unloading 
and storage pits ; but being cut off from connection 
with the river by the railway, coal supply facilities 
were restricted. This has since been rectified by 
the present company having procured land on the 
opposite side as far as the river. 

Mr. Croll’s retorts were of the direct-fired clay 
type; others were of cast-iron. Ammonia was 
recovered by his system of washing the gas in water 
acidulated with sulphuric acid, which was subse- 
quently boiled down and the sulphate of ammonia 
obtained. Purification was effected by means of 
oxide of iron. In the year 1844 Mr. Croll patented 
the dry gas meter, of which he was the joint inventor 
with William Richards. At that period Mr. Croll 
and Mr. Thomas Glover founded the Clerkenwell 
wet meter business under the style of Croll and 
Glover. 

The original works at Tottenham, which were 
designed and erected by Mr. Croll, were taken over 
by a company formed for the purpose, with a 
nominal capital of 20,0001. He was soon afterwards 
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GAS PRODUCERS; THE TOTTENHAM LIGHT, HEAT AND POWER CO.’S. WORKS. 
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actively engaged on the formation of the Great 
Central Gas Consumers’ Company, to supply to 
London cheap gas at 4s. per 1,000 cub. ft. in com- 
petition with other existing undertakings, whose 
price was 6s. Mr. George Anderson, who was ap- 
pointed by Mr. Croll as manager at Tottenham, 
assisted him in his various enterprises, which resulted 
in the erection of many gas works on the Continent 
and in Ireland. The early work of British gas 
engineers, as also that of those of later generations, 
is much in evidence in France, Germany, and other 
continental countries. 

The Tottenham company continued its existence 
as a non-statutory concern until 1859, when Royal 
assent was given to its first Act of Parliament. The 
maximum price of gas was then fixed at 6s. per 
1,000 cubic feet and the illuminating power at 
11 candles. From 1874 to 1899 the late Mr. 
W. H. H. Broadberry, father of the present chief 
engineer, filled the post of engineer and manager. 
During that period the output grew from 91,000,000 
cub. ft. per annum to 575,000,000. 

The new manufacturing area of the works is 
314 acres in extent. Additional spare land of 
484 acres has also been acquired for future ex- 
tensions. The High-road site for the very fine 
block of office and depot buildings, which was 
opened in 1901, covers over an acre, and the site 
of the station at Wood Green, opened in 1883, is 
a quarter of an acre in area. A further depot was 
subsequently opened at Winchmore Hill, and 
additional show rooms at Wood Green. The 
authorised stock and loan capital of the company 
is 1,948,7051., of which 1,210,408/. has been issued. 
Gas is sold at 3s. 4d. per 1,000 cub. ft. in the Totten- 
ham.area, and at 3s. 9d. in the Enfield area. 

The present total output of the works is 
2,701,601,000 cub. ft. per annum, 1,793,464,000 
cub. ft. being coal gas and 908,137,000 cub. ft. 
carburetted water-gas. The sale in 1914 was 
2,279,000,000 cub. ft., in 1915 it had increased to 
2,351,000,000 cub. ft., and in 1916 to 2,701,000,000 
cub. ft. A large proportion is consumed for 
munition and general industrial purposes. The 
pressing necessity for the additional plant which 
we have described is thus apparent. The company, 
on January 1, 1914, took over the Enfield Gas 
Company’s area, with works at Ponders End. These 
it is intended to close down as soon as the plant 
at Tottenham can deal with the whole load. 

The position of secretary to the company was held 
by the late Mr. E. Topley from 1907 till his death 
last year. He was previously assistant secretary 
under Mr. James Randall, who held the office for 
many years. The present secretary is Mr. E. J. K. 
Fussell. 

On the opposite page illustrations are given of 
the outside gas producers from which the retorts 
are heated. The producers are four in number, 
and were constructed by the Power Gas Corpora- 
tion, Limited, of Stockton-on-Tees. Each will 
gasify 20 tons of coke breeze per diem. 

As will be seen from Figs. 57 and 58, showing side 
elevation and plan, they are erected in a row, 
an operating platform being common to all. The 
gas outlets are connected, through dust catchers 
and valves of the mushroom type, to a common 
collecting main. A sectional elevation and plan 
of one of the producers are given in Figs. 60 
and 61. 

Two steam turbo-blowers, each capable of meeting 
the demands of three producers, provide blast for 
the plant. Referring to Fig. 60, the rotating grates 
are operated by electric motors, which are installed 
in duplicate, one being spare ; the drive is by belt. 
It will be seen that in this type of producer there 
is a combination of steel shells having a lower 
portion water-cooled and the upper part lined with 
refractory brickwork. Each producer has a rotating 
grate, Fig. 61, mounted eccentrically on a water- 
luted ash-discharge pan. The steel shell has the 
water-cooled metal surface in that zone of the 
producer where clinker usually forms, thus pre- 
venting clinker from adhering to the walls. 

With the gradual descent of the fuel the clinker 
falls to the rotating grate, where it is crushed against 
the specially-prepared grinding surface at the 
bottom, and passes into the luted pan, Fig. 60. When 
the producer is operating the pan fills up with 





mixed crushed clinker and ash, which, as the pan | 
revolves, is forced against a stationary adjustable | 


plough blade, and is discharged on to the ground ; 
or, as is usually arranged, into ash trucks alongside 
the producer. The air blast enters underneath 
the grate, Fig. 60, and passes up to the cone of 
the grate, and through this on to the fuel bed. 

The grate, with ash pan rotating on a ball-race, 


is actuated by worm gearing fitted with variable- | 


feed ratchet attachment, arranged for driving by 
eccentric and rod from a shaft alongside the pro- 
ducer. There are the usual fittings—hopper with 
lever-operated cone valve and balance-weight ; 
cover, top ball poke-holes, &c. 

The water outlet is arranged so that the jacket 
is always full of water and free of any air space, 
thus minimising the possibilities of corrosion. The 
water which is discharged provides a supply of hot 
water, which may be used for boiler feed or other 
purposes on the works. 

The gas from each producer passes through a 
“Cyclone ’’ dust-extractor into a trunk main, and 
thence through two other dust extractors into mains 
running along each side of the retort-house, and on 
to branch mains, which are situated between the 
coke-receiving hoppers under the retort benches. 
The breeze and very fine coke from the coke screens 
is elevated to a band conveyor, and is delivered to 
the hoppers above the producers. These hoppers 
can be supplied either with coke direct from the 
retorts or with breeze screened from the coke. 

So that the results obtainable from the breeze 
available at the Tottenham Company’s works might 
be ascertained experimentally, a quantity was sent 
to the makers of the producers, and gasified by them. 
The tests showed that 110,000 cub. ft. of gas could 
be produced from 1 ton of wet breeze. The analysis 
of the gas gave CO,, 6.4 per cent. ; CO, 25 per cent ; 
and H,, 14 per cent. The ash was 87.3 per cent. 
incombustible; carbon, 10.73 per cent. The 
calorific value of the fuel was 11,109 British thermal 
units per pound on a dry sample. The net calorific 
value of the gas produced was 124 British thermal 
units per cubic foot. 

The Woodall-Duckham vertical retort installa- 
tion which has been adopted consists of 56 retorts, 
each capable of carbonising 64 tons of coal per 
24 hours; or a total of 364 tons of coal; and 
yielding 4,500,000 cub. ft. of gas during that period. 

As shown in the engravings on Plate XIV, the 
retorts are arranged in two parallel benches of 
14 settings (Figs. 62 to 64), each setting containing 
two retorts. The retorts are 26 ft. long, and in 
cross-section are rectangular, measuring 5 ft. 3 in. 
by 7 in. at the top, increasing with varying tapers 
towards the bottom, so as to ensure that the coal 
travels continuously and freely by gravitation 
through the retorts (Figs. 66 and 67). 

Six to seven hours are taken by the coal in descend- 
ing through the retort. It is fed continuously at the 
top by means of auxiliary hoppers. By the time 
it has reached the bottom practically the whole of 
the volatile matter has been driven off, and there 
only remains a good, clean, and bright coke to be 
discharged. The coke at this point is practically 
cold, having been cooled in the lower portion of the 
retort, which is built in the form of a regenerator. 
The heat in the coke is utilised in increasing the 
temperature of the secondary air and also that of 
the gas from the outside producers, which are em- 
ployed for heating the settings. These producers 
were described, with drawings, in our issue of 
June 22. 

The cycle of operation of this most recent vertical 
retort installation is as follows :—Referring to 
Figs. 62 to 65, railway wagons containing the 
coal are hauled by the gas company’s locomotives 
to the wagon tipplers situated outside the 
retort-house. These tipplers are hydraulically 
operated, two sets being supplied, one right and 
one left-hand, to each coal-receiving hopper. The 
wagons are end-tipped into the hoppers, and the coal, 
by means of jigging screens, is delivered into the 
coal breakers, which each have a capacity of 100 tons 
per hour. From these two breakers the coal is 
delivered into gravity-bucket conveyors, which 
encircle each bench of vertical retorts. 

The conveyors deliver into a line of coal bunkers 
built above the retort settings. The bunkers have 





@ capacity equal to 48 hours’ supply for the retorts. 
By means of a travelling dumper and shoot the coal * 
can be delivered into any section of the bunker as 
required. From these bunkers the coal is fed 
every four hours, by means of a special gastight coal 
valve, into the auxiliary supply hoppers attached to 
the top mouthpiece of the retorts. From these 
auxiliary hoppers the coal flows continuously, by 
gravity, into the retort (Fig. 66). 

The rate of travel of the coal into the retort is 
regulated by the rate of extraction of the coke at the 
bottom. It will therefore be seen that the speed 
of operation is entirely dependent on the speed 
of coke extraction. As will be seen from Figs. 68 
and 69, the patent coke extractor of the Woodall- 
Duckham Company is a very simple arrangement, 
comprising a curved sloping plate which takes the 
weight of the charge in the retort. The speed at 
which the coal is allowed to slip over this plate is 
regulated by weighted hangers and a revolving 
helical screw. This screw is formed with a plain, 
square shaft having cast-iron crosses slipped on, 
the hole on the boss of each cross being staggered 
a little more than its neighbour, so that the arms 
form a spiral. 

The extractor screw allows the coke to flow over 
it at any desired rate according to the speed at 
which it is rotated, the speed of extraction having 
to be varied according to the class of coal that is 
being carbonised. The normal speed is about one 
revolution in 55 minutes; it can be varied about 
50 per cent. faster or slower. The mechanism for 
operating the extractors is somewhat novel, owing 
to the unusually slow speed required, and may be 
described as follows :—Across the end of each 
bench is a countershaft rotated at about one 
revolution per minute. It is driven by gas engines 
through spur and worm gearing in the usual 
manner. On this shaft are fitted adjustable 
eccentrics which in turn operate twin longitudinal 
push bars running the entire length of the bench. 
The bars have a backward and forward motion 
of 4 in. 

The screw shaft of each coke extractor is extended 
through the extractor box castings, and has keyed 
to it a wheel with a V-groove machined in its rim. 
The boss of this wheel is machined, and fitted to it 
are two arms which rotate on the boss, one on each 
side of the wheel. The top end of the arms is fitted 
with a quadrant-shaped pawl, having the edge 
machined V-shaped similarly to correspond with the 
rim of the wheel. The bottom end of this arm is 
attached, by means of a connecting rod, to the 
push bars, and each time the bar moves forward the 
pawl engages the wheel and rotates it during the 
forward motion of the bar. Immediately the 
motion of the bar is reversed the pawl disengages 
and returns ready for another stroke. To prevent 
the wheel coming back with the pawl a second, 
or back-lash, paw! is fitted, and comes into operation 
when the wheel attempts to turn backward. 

The coke, after passing the extractor, falls into a 
receiving hopper, which holds about four hours’ 
discharge. The bottom of this hopper is kept 
gastight by means of a water-sealed door. Each 
fourth hour the attendant opens the door by 
hand, and the contents of the hopper are discharged, 
through a special travelling shoot, into the gravity- 
bucket conveyor, which delivers the coke into coke 
hoppers above the retort settings, and which are used 
for filling the retorts with coke after scurfing. The 
conveyor can also deliver the coke on to a longitu- 
dinal tray conveyor situated across the end of the 
house, as shown in the plan, Fig. 63, and transverse 
section, Fig. 64. This conveyor has a capacity of 
100 tons an hour, and will deliver the coke in either 
of the three following ways :—(1) Into a shoot on 
to a fixed band conveyor that in turn will deliver 
into the hoppers feeding the gas producers ; (2) into 
duplicate patent jigging screens that grade the coke 
into four different sizes and deliver it into bunkers 
arranged for taking delivery of the graded coke ; 
(3) into a small reserve hopper at the end of the 
conveyor, from which it can be taken for any 
purposes required on the works. 

The breeze screened from the coke is diverted 
into two special compartments, and by means of a 
shoot can be delivered into an elevator, which in 
turn will lift it on to the band conveyor supplying 
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the hoppers over the producers, so that breeze 
or a mixture of breeze and coke can be gasified in 
the outside producers. 

The gas from the producers is taken through 
firebrick-lined steel mains fitted with dust-catching 
apparatus into the retort-house to the underside 
of the settings. Small branch pipes are taken 
from the main gas mains to supply each retort with 
gas, and are fitted with valves so that the supply 
can be regulated. The gas, as previously stated, is 
heated by means of the cooling coke at the bottom 
of the retort, before being taken to the combustion 
chambers and ignited. 





INDUSTRIAL NOTES. 

WE give below brief abstracts from the divisional 
reports of the Commission on Industrial Unrest, which 
were published last Tuesday :—North-Eastern Area: 
Commissioners, Sir T. Munro, Mr. P. Bright and Mr. 
H. Davies. Food prices are the most general cause 
of unrest. It is believed that prices are enhanced not 
only by scarcity, but by profiteering unchecked by 
courageous Government action. No sections of the 
industrial classes, apart from a small minority, are 
unprepared to take their part in military service. 
There is little real objection to dilution. The restora- 
tion of pre-war conditions is probably the question 
which most exercises the minds of both employers 
and employees. Prompt inquiry into and redress of 
grievances is stated as the best way to secure proper 
shop discipline. North-Western Area; Commissioners, 
Judge Parry, Mr. J. Smethurst, and Mr. J. R. Clynes, 
M.P. The permanent officials of all Departments in 
London should deal with complaints promptly, sym- 
pathetically, and in a business spirit. The patriotic 
spirit of men and employers is manifest. Anyer is felt 
at the high cost of living and the Government will be 
expected to deal firmly with every vested interest 
which stands between the food supply and its distribu- 
tion. Men of broad outlook should be placed in com- 
mand in the different centres ; their decisions should be 
upheld ; it should be known in every Government 
Department in London that during the war what they 
say is to be done must be done at once, without any 
unnecessary departmental interference. In Barrow-in- 


Furness the housing conditions are a crying scandal. 


Yorkshire and East Midlands Area: Commissioners, 
Sir G. Croydon Marks, M.P., Sir Maurice Levy, M.P., 
Mr. J. J. Mallon and Mr. A. J. Wadeson. Complaints 
are numerous as to food profiteering, coupled with 
statements to the effect that discomforts would be 
borne with comparative composure if they were felt 
necessary to win the war. Many preventible causes, 
including constant indifference to their complaints, have 
made the men weary and suspicious, and have fostered 
the belief that a strike was the only means of securing 
redress. West Midlands Area: Commissioners, Mr. 
J. W. Hills, M.P., Mr. J. W. Ogden and Mr. J. W. 
White. The men are entitled to ask, and do ask, that 
sacrifices should be equal and should be imposed for 
national and not class interests. There is little trace 
of disloyalty or slackening of the national determina- 
tion to finish the war. A great part of the unrest 
caused by the Military Service Act would have been 
avoided had the Government been more open with the 
public. The men are still suspicious of women’s work, 
partly because it is an innovation and partly because 
they feel that it will reduce rates. Besides anger at 
high prices, there is bitter resentment at the thought 
that someone is making excessive profits. It is 
absolutely necessary that Government should take 
immediate steps to reduce prices and prevent profiteer- 
ing. and South-Eastern Area : Commissioners, 
Judge O'Connor, Mr. A. M. Smith and Mr. J. Voce. 
The men realise the impossibility of maintaining pre- 
war food supplies or prices, but they are convinced that 
the present prices are far higher than they should be. 
Since the war there has gradually arisen a feeling that 
there is a tendency to treat them as though they were 
rather the instruments of the community than members 
ofit. The leaving certificate system, the differentiation 
between day rates for skilled men and piece rates for 
semi-skilled and unskilled, and other factors are men- 
tioned as instances of inequality of sacrifice. The 
growth of officialism, the multiplication of Departments, 
and the continual changes in personnel, have resulted 
in loss of confidence in the Government's dealings with 
labour problems. This is associated with diminished 
reliance on the power and prestige of the trade 
unions, the impairment of the authority of their execu- 
tive bodies, and the development of the shop steward 
movement. There have been vexatious delays in 
procuring settlement by Government Departments. 
South-Western Area: Commissioners, Mr. W. W. 
Mackenzie, Sir Alfred Booth and Mr. T. Chambers. 
There is a widespread feeling among the working 
classes that too great a share of the financial burden is 


falling on them. We have made a serious mistake in 
making the excess profit duty the corner-stone of our 
war taxation. It does not take money from the rich 
man’s pocket as a direct tax on his income would have 
done, and it has failed in its moral effect on the working 
classes as a symbol of equality of sacrifice. Scotland : 
Commissioners, Mr. T. A. Fyfe, Mr. N. E. Peck and Mr. 
A. G. Cameron. The fundamental cause of unrest is 
the increased cost of living ; in the mind of the workers 
this is the result of the Government having failed 
timeously and effectively to control production, supply 
and distribution. But the actual increase in the cost 
of living does not appear to be so important a factor 
in the workers’ minds as the belief that profiteering 
exists. Housing accommodation is greatly lacking. 


The Home Secretary has given notice that he 
proposes, in pursuance of the powers conferred 
on him by the Police, Factories, &c. (Miscellaneous 
Provisions) Act, 1916, of making an Order—to take 
effect from October 1 next—in regard te ambu- 
lance and first aid at all factories employing 25 or 
more persons which belong to one or other of the 
following classes: blast-furnaces, copper mills, iron 
mills, foundries, metal works. The proposed Order 
will impose obligations on the occupiers of these 
works in respect of the provision and maintenance of 
first-aid boxes or cupboards, and, in the case of factories 
employing 500 or more persons, the provision and 
maintenance of an ambulance room and ambulance 
carriage. Copies of the draft Order—price ld. each 
(by post 14d.)—may be obtained from H.M. Stationery 
Office, Imperial House, Kingsway, London, W.C. 2, 
and 28, Abingdon-street, London, 8.W. 1; 37, Peter- 
street, Manchester; 1, St. Andrew’s-crescent, Cardiff ; 
23, Forth-street, Edinburgh ; or E. Ponsonby, Limited, 
116, Grafton-street, Dublin; or through the usual 
agents. 

Any objection to the proposed Order must be sent 
to the Secretary of State at the Home Office, Whitehall, 
London, 8.W. 1, within 21 days after the date (July 27) 
of the notice. The objection must be in writing and 
must state: (a) the requirements in the draft Order 
objected to ; (6) the specific grounds of objection ; and 
(c) the modifications asked for. Where an objection is 
made jointly on behalf of a number of occupiers, the 
names of the occupiers and their addresses must be 
stated, or if the objection is made by an association of 
occupiers on behalf of its members, the number of the 
members affected by the Order. 


In the course of the annual meeting of the Gloucester 
Railway Carriage and Wagon Company, Limited, 
which was held last Monday, the chairman, Sir Richard 
Vassar-Smith, referred to the Federation of British 
Industries. This, he stated, had greatly developed 
of late, there being about 500 federated associations 
and firms. It had become a power in the industrial 
administration of the country. The Government, 
recognising it as such, submitted to it questions in 
connection with labour, among other matters. At a 
time when there were so many problems affecting 
capital and labour to be faced, it was absolutely 
necessary to have organisations both of employers 
and employees to discuss those problems. With a 
large number of manufacturers working alone and of 
men working outside the trade unions it was difficult 
to make the necessary arrangements and to keep the 
arrangements that were made. In connection with 
the federation there had been formed a National 
Alliance of Employers and Employed for discussing 
the questions which were agitating both capital and 
Jabour. It was proceeding harmoniously, and he 
thought there was on both sides a very strong intention 
to see that matters were so arranged that work should 
henceforth proceed more amicably than it had done 
in the past. 


The half-yearly meeting of the Board of Conciliation 
and Arbitration for the Manufactured Iron and Steel 
Trade of the North of England was held on Monday 
last, in the Central Station Hotel, Newcastle, says 
The Newcastle Daily Chronicle. Mr. J. Reay, Stockton, 
presided. 

The Standing Committee reported an accession to 
the membership of the board during the half-year, 
Messrs. Raine and Co., Limited, of Derwenthaugh, 
and their workmen having been accepted in March last. 
This made the membership ten works, owned by 
eight persons. The average number of operative 
subscribing members showed an increase of 198, the 
members now being 3,214. In the six months an appli- 
cation for a war bonus to non-scale men had been 
considered, when it was decided that there be an 
additional war bonus of 6s. per week to men whose 
wages did not fluctuate with the sliding scale. The 
bonus to youths was at the rate of 3s. per week. Four 





ascertainments of the average selling price of finished 





iron had been received since the annual meeting. 
Wages had been advanced by 74 per cent. 

The chairman moved the adoption of the report, 
and welcomed Messrs. Raine and their employees. 
He spoke of the continued good relationships between 
employers and employees represented on the board, 
and, dealing with the wages of iron and steel workers, 
he said the increases in the half-year, as shown in the 
report, amounted to 7} per cent., making a total 
increase of 674 per cent. since August, 1914. Regarding 
the outlook for trade, he added that they had been all 
very busy, and were likely to be busy for some time 
tocome. The great majority of the men were working 
satisfactorily, but there were still some who did not 
seem to realise yet that we were in the midst of a 
great war, and that it was imperative for everyone 
to put forward his maximum effort to try and help to 
beat our enemies. He thought the least we could do 
who were living in comfort and peace at home was to 
work as hard as we could, and as regularly as possible, 
and thereby help our relatives and our friends wh.o 
were trying to win the war. They should also 
remember that much of the material they produced 
was needed for the shipbuilding programme, and 
therefore no effort should be spared to bring the war 
to a speedy and satisfactory conclusion. 

Mr. W. T. Griffiths, from the men’s side of the board, 
seconded, and remarked that the principle for securing 
good relatiénship between employers and employed 
recommended by the Government Reconstruction 
Committee was very much the same as had worked 
so well in the iron and steel trade in the last 40 years ; 
and this reflected a great tribute to the success: of 
their Conciliation Board. 

The report was confirmed. 


The secretaries of the Midland Iron and Steel Wages 
Board have issued the report of the accountants for 
the two months May and June last, adding that 
in accordance with the sliding-scale arrangements 
the wages for puddling during the months of August 
and September of the present year will be 17s. 6d. per 
ton, all other mill and forge wages remaining unaltered. 
The new wages are to take effect from Monday next, 
the 6th inst., and to continue until Saturday, October 6. 
To the 17s. 6d. per ton under the sliding scale there is 
to be added 6d. per ton bonus granted to the puddlers 
by a resolution of the Wages Board, which met on 
July 15, 1912. This bonus applies only to puddlers, 
and makes the total puddling rate 18s. per ton. The 
average net selling price for May and June of bars, 
angles and tees, plates and sheets, hoops, strips and 
miscellaneous, was 15/. 6s.0.88d. It was 15l. 4s. 11.87d. 
for the preceding two months. 


The thirty-fifth annual report of the Ship Con- 
structors’ and Shipwrights’ Association states that the 
membership at the commencement of 1916 was 
29,563; it reached 30,970 at the end of December. 
The income of the association for the year, apart 
from the operations under the National Insurance Act, 
has been 83,193/.; the expenditure for the year 
reached 64,5121. The association commenced the 
year with a balance in the reserve fund of 176,0841., 
and at the end of 1916 the reserve fund reached 
194,765!., which is separate from the political fund. 

In the course of his review for the year the general 
secretary states that the industrial organisations of the 
country, broadly speaking, have shown a considerable 
increase financially and numerically, and it is evident 
by these facts that the industrial classes of the country 
generally are recognising, notwithstanding the war, 
that industrial organisation, whatever it may have 
been in the past, with all its limitations, has been a 
powerful factor in dealing with many intricate and 
difficult problems which have arisen during the war, 
and will be of still paramount importance when the 
war has come to an end. 


One of the greatest stumbling-blocks in the way of 
rapid and economical manufacture of munitions, says 
The American Machinist, is the problem of inspection. 
The indiscriminate placing of close tolerances on parts 
that did not require them has been responsible for 
much of this difficulty, but this absurdity promises to 
be largely eliminated as a result of the work now 
being done on specifications for our own (the American) 
munitions. Then, too, the average man assigned to 
inspection work has not had the experience, even if he 
has the authority, to discriminate between the essential 
and the non-essential dimensions. This matter is 
something that can be taught in the technical-school 
shop, so that engineer students can be used to advantage 
in work of this kind, often releasing an officer for work 
at which he can be of greater value to the country. 
As anillustration, our American contemporary instances 
the difference in the degree of finish permissible in a 
shell as compared with that required for a gun. 

It must not be forgotten(,it is added, that much of 
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the over-zealous inspection has been brought about 
by the sometimes successful attempts on the part of 
contractors in the past to put something over on the 
Government, to turn out inferior work and sell it for 
a good price. This desire, it is further stated, is fortu- 
nately very little in evidence at the present time, and 
there is a widespread movement to give the Govern- 
ment exactly what it wants at a fair price. This spirit 
can be encouraged by eliminating any unnecessary 
requirements; and, on the other hand, the surest way 
to have severe inspection specifications modified is to 
make it a practice to turn out work that meets the 
main requirements in all tests. 

We are glad our contemporary has raised the point, 
for some Government specifications are in urgent need 
of revision, and this fact, coupled with the “‘overzeal- 
ousness ’—or the “ lack of experience and of authority 
of the present average man assigned to inspection work ” 
—has been responsible for an immense amount of 
waste. But we do not agree with him when he impugns 
the integrity of contractors. These have their reputa- 
tion to maintain ; besides this, the works who have 
always made a speciality of munition manufacture 
have had to face for years past a most strenuous 
competition, which has led them gradually to perfect 
their material and processes. This and their patriotism 
render, we fully believe, an inspection of their products 
quite unnecessary, and the inspection of the products 
manufactured by the present “casual” munition 
works might well be left to inspectors selected from our 
“habitual”? munition works, to the exclusion of all 
military inspectors, who would then be available 
for the front, where, like their colleagues, they would 
render admirable service. 





CORROSION OF CONDENSER TUBES. 
To THE Eprror oF ENGINEERING. 

Srr,—It was with great interest that I read an article 
on the above subject which appeared in your issue of 
July 13, 1917, and I hope that the author may find in the 
case that I am about to quote and in the deductions 
drawn therefrom enough hypothesis to interest him 
sufficiently to conduct experiments on the lines which 
I have attempted to indicate. 

Mr. Ramsay, in his article, does not carry conviction 
to my mind that the cause of the deterioration of the 
tubes is electrolytic; in fact the article seems in its 
inception to have premised the electrolytic theory, and 
the actions observed, with the deductions drawn there- 
from, appear to have been marshalled in such a way as 
to point to electrolysis. Where, however, observed facts 
refuse to fall into line, some not easily understandable 
secondary action is inferred. 

To make a bald statement of the opinion which I 
formed some years ago, and which I am afraid has 
undergone no radical change since reading the article 
referred to, the corrosive action which takes place is not 
electrolytic, but is in the main a mechanical action, or 
perhaps it were better called a mechanico-chemical 
action ; and if electrolysis does enter into the question 
it does so to so small an extent as to be almost negligible. 

I propose to give a case in my own experience of the 
complete breakdown of a large condenser after only a 
few months in service, and an account of some experi- 
ments which were carried out, at my request, by a friend 
of mine in the Royal School of Mines, leaving readers 
to form their own opinion on the merits of the two 
theories—the electrolytic and the mechanical. 

The condenser referred to was part of an installation 
which was new, having been in service only about eight 
or nine months when the first condenser defect made 
itself known. A rapid test evinced the cause, a split or 
perforated tube, which was plugged, and the condenser 
brought into action again. After a very short interval 
the same thing occurred again, and, indeed, with ever- 
increasing rapidity perforated tubes were being dis- 
covered, no longer singly, but in twos and threes, until 
eventually, whenever the condensers were brought into 
action they failed through the perforating of tubes. 

Several tubes were drawn and cut up, and it was found 
that in every case where a hole had developed very 
active corrosion had been taking place in the immediate 
vicinity of the perforation; and in nearly every case 
there was found wedged in the tube at the position of 
the perforation a small piece of coke or cinder (carbon). 

The condensers were of the single-flow type, with 
tubes horizontal, the water passing through the tubes, 
and all the tubes affected were in the lower portion, 
which complies with the theory that the cinders were 
sucked in at some time by the circulators and although 
settling rapidly had not reached the bottom of the water 
chamber before being carried into the tubes. 

When it became apparent that the corrosion was due 
to the presence of pieces of carbon in the tubes, the tubes 
were thoroughly searched with wire brushes, swept out 
with soft brushes, and eventually blown through with air 
to ensure their cleanliness. The condensers were then 
closed up and brought into action. Alas, the perforating 
process still went on, even after the removal of the 
supposed irritant, the fragments of carbon, and the 
condensers could not be relied on. 

It was eventually decided to re-tube the lower halves 
of the condensers; that is, only that portion of the 
condenser to which it was considered the pieces of cinder 
could be carried by the circulating water. This was 
done, the upper halves remaining untouched, and as 
eriginally built. My own experience with these con- 
densers extended for a period of two years after the re- 





tubing, and no single sign of weakness was ever dis- 
covered, and I believe that even now, after seven years, 
the condensers are still working efficiently and with the 
same tubes in them. 

So far I appear to have made out a most excellent 
case for Mr. Ramsay’s electrolytic theory, which I 
own was the one I jumped to at the time, formin 
in my mind-picture a most active little cell with the meta 
of the tube as the electro-positive to the carbon. This, 
however, did not seem to account for the fact that when 
the carbon had been removed from the tubes by the 
cleaning process mentioned above the action still went 
on in those tubes, and in those tubes only which had been, 
so to speak, contaminated by the carbon particles. 

Now we arrive at the second or mechanical theory to 
account for the continuation of the action after the 
removal of the apparent cause. 

A synopsis of the experiments carried out will best 
lead us to a conclusion, and this I now propose to give. 

The composition of the material of which the tubes 
was made was found by analysis to be :— 


Per cent. 
Tin 0.99260 
Zine 29. 41600 
Copper 69. 40000 
Total 99. 80860 
A piece of one of the tubes from the condenser was 
rolled out and polished, and two portions were cut from the 


sheet thus formed, exactly similar in every respect. To 
one of these portions a piece of coke was attached, while 
to the other no coke was attached ; both portions were 
placed in a 2.5 per cent. solution of ium chloride 
and kept at a temperature of about 90 deg. C. for about 
three days. At the end of this period no differentiation 
with respect to the rate of corrosion could be made, from 
which it was concluded that if electrolytic action’ was 
taking place it was exceptionally slow and only to be 
regarded as of secondary importance. 

The theory was then advanced that the part played 
by the coke was purely mechanical. 

A piece of the condenser tube was rolled and polished 
as before and two pieces were cut from it with as nearly 
as possible the same area, each piece was carefully 
weighed and the respective weights noted. 

We will call the strips A and B. Strip A was placed 
in 100 c.c. of airless distilled water, to which had been 
added 2.5 grammes of NaCl, the other strip, B, was 
placed in a salt solution of the same strength, composition 
and volume, but through this solution air was continually 


sing. 

Both pieces of brass in their respective solutions were 
then heated to the same temperature, about 90 deg. C. 
At the end of about six hours the pieces of brass were 
removed frem their flasks, dried and weighed. It was 
then found that not only had the strips altered in weight 
by the dissolution of zinc, but that the piece which had 
been in the aerated water was corroded to such an extent 
that the polish was destroyed. 





Grammes. 

Strip A before heating in airless 
solution coe one ‘ne 1.0866 

Strip A after heating in airless solu- 
tion eve eon oes “1.0862 
Loss of weight oes ove 0.0004 

Percentage of loss of weight, 0.0368. 

Grammes. 

Strip B before heating in aerated 
solution... _ oss = 1.1802 

Strip B after heating in aerated 
solution . ese one . 1.1763 
Loss of weight 0.0039 


Percentage of loss of weight, 0.3313. 


It would appear, therefore, that the rate of corrosion 
is dependant on the presence of air in the salt water. 
It was subsequently found that the solution in which 
strip A had been immersed contained a slight trace of air, 
otherwise it is anticipated that there would have been 
no loss of weight to record for strip A. Now we come 
to the mechanical part played by the coke in our con- 
denser tubes. 

It must be borne in mind that sea water contains air 
in solution, and that when this aerated water passes over 
a@ roughened surface, such as the coke, air out of 
the solution, with the formation of a bubble which may 
attach itself to the tube, and tends to oxidise the zinc 
in the brass. The bubble is then probably dislodged and 
with the Zn(OH)2, formed in the presence of the moist air, 
is carried away. in solution by the circulating water, 
thus rendering a new surface to be attacked by the air 
liberated mechanically by the coke; while the copper, 
after the removal of the zinc, would be so loosely attached 
to the body of the tube that some of it would be swept 
out in suspension by the stream of salt water passing 
through the tube. 

Any of this ee precipitated on or in the vicinity 
of the forei y would give the appearance of an 
electrolytic deposition of the metal. 

Let us now go one step further and eliminate the coke, 
as was done in the case of the condensers to which I have 
referred, and in place of the coke we have the roughened 
surface of the tube, caused by the action started in the 
presence of the coke, acting in a manner similar to the 
coke in separating bubbles of air from the sea water, 
even holding the air in the tiny pockets already formed, 
ad the action goes on, localised by the roughness of the 
tube. 

This appears to me to be what happened in the case 
I have quoted, hence the continuation of the action after 
the removal of the coke. 





If we accept the teachings of these experiments and 
apply in a generous spirit what would appear to be the 
action of the mechanically-liberated air from the circu- 
lating water on the material of the tube, we need take 
no flights into the realms of imagination to find reasons 
for the facts recorded by Mr. Ramsay that a sub- 
stance which is known to be electro-positive to the 
brass should appear to act as electro-negative, and vice 
versa, nor need we have recourse to such an expression as 
“The action is probably a secondary effect due to copper 
being redeposited on the foreign metal.” 

We have only to bear in mind the fact that any irre- 
gularity, however small and apparently insignificant, 
in the smoothness of the surface of the tube acts to a 
greater or less degree as an air trap, and we have before 
us the necessary conditions for the corrosion of the 
condenser tubes, the gases in solution in the circulating 
water and the scouring action of the water keeping the 
spot where the action has once started from being coated 
with a preserving film of its own formation. 

In conclusion I would ask your readers to apply 
this theory to any or all of the set of experiments quoted 
by the author of the paper, and everywhere do we find 
the action taking place at the position of the broken 
continuity of the surface of the tube, and almost, it 
would seem, with a rate in some way commensurate 
with the amount of disturbance of the harmonious flow 
of the water. 

The solution of the problem from the practical engineer- 
ing point of view seems to lie in the careful manufacture 
of the tubes, a perfectly smooth bore free from lamina- 
tions, scoring or other unevenness, and care in keeping 
the tubes clean and free from pieces of any material 
which may become lodged in them. 

Yours truly, 
C. pz F. M. 





To THe Eprror or ENGINEERING. 

Srr,—I am extremely obli to Mr. Raymond for 
his most interesting letter which appeared in your issue 
of July 27, especially since his experience goes far to 
substantiate my own views. 

The fact that sickness broke out in both French and 
British tubes about the same time is surely more than a 
coincidence, This, in my opinion, points to some change 
in the method of manufacture, and as one tube maker 
has frankly admitted to me that such is the case, the 
remedy seems fairly obvious. 

Mr. Raymond’s statement with regard to the superiority 
of amorphous over the crystalline tubes is worthy of closer 
attention. I have noticed something of the same kind 
in connection with micrometallurgy. At present we 
know very little about the physics of crystals, but 1 
think there is some evidence that the orientation of the 
crystals in alloys has an influence on their rate of solution. 
I can perhaps convey this idea to the lay mind by the 
example of a stone wall in which the stones are laid 
heterogeneously and without reference to their natural 
formation. In such a wall the stones laid in their 
‘*natural bed” will resist weathering better than those 
laid otherwise. The comparison is not strictly analogous, 
but it will serve. I believe Mr. Arnold Philip, the 
British Admiralty chemist, was the first to bring forward 
this hypothesis, and I find myself in agreement with 
him. I have never actually observed that coarsely 
crystalline tubes corrode more rapidly than those with a 
finer structure, but I will certainly keep this point in 
view in the future, and I thank Mr. Raymond for his 
valued suggestion. 

Yours faithfully, 
Witiiam Ramsay. 

23, Sycamore-road, Higher Tranmere, Birkenhead, 

August 1, 1917. 








ASCERTAINING THE CENTRE OF GRAVITY 
COMMON TO SEVERAL WEIGHTS. 
To THE Epiror or ENGINEERING. 

Srr,—In my letter in last week's issue under this title, 
on 101, I omitted to. point out, in reference to Fig. 2, 
that, instead of drawing a special line along which to 
measure the weight C d, it is often convenient to utilise 
one of the already existing lines which radiate from C. 
For instance, Cd may be measured along Cb; Dc, of 
course, being drawn parallel to it, on the opposite side 
of CD. 

In the case of ships it will be found that by plotting 
the centre of gravity in this way on each of three views 
the positions found will exactly agree, if work has been 
correctly done; thus affording a useful check on its 
accuracy. 

Yours faithfully, 
C. H. Wrvertevp, 





PEeRsONAL.—Messrs. Handcock and Dykes, consulting 
engineers, Westminster Chambers, 11, Victoria-street, 
8.W. 1, state that from October 1, 1917, they will have 
the advantage of the collaboration of Mr, A. P. Trotter, 
until recently Electrical Adviser to the Board of Trade. 
From that date the name of the firm will be Handcock, 
Dykes and Trotter. 





Suirsvitpinc In Iraty.—At present there are 15 
steamers in course of construction at Italian yards. Of 
these, one boat of 10,500 tons and three of 5,700 tons 
each are being built at the yard in Riva; two steamers, 
each of 2,500 tons, are in course of construction at 
Palermo, and six boats of about 5,200 tons each at the 
yard of Ansaldo and Co. Of the above, about 40,000 
tons are expected to be ready during the present year, 
against 60,000 tons in 1916 and 20,000 tons in 1915, 
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indicated by arrows until it flows over weirs and 
through the pipe k into the settlement tank. 

An air main runs along the purification tanks, and 
from this main there are horizontal pipes on each 
side. From these depend a number of vertical pipes ¢, 
at the lower extremity of each of which is a diffuser 
made of porous earthenware through which the air 
makes its way in extremely fine streams. The 
diffusers are set on the floor of the tanks in the 
bottoms of furrows, the purpose of these being 
to prevent the accumulation of sludge between the 
diffusers. The sewage makes three passes through 
the aeration tanks, as shown by the arrows, and then 
passes through two pipes into the down-pipe k, which 
delivers it constantly into the settlement tank (Fig. 1). 
The sludge gocs to the bottom, while the clear liquid 
overflows into the four open channels J, 1, and finally 
escapes to the effluent pipe w. The sludge gathers in 
the sump. Part of it is removed and spread on land 
to dry, while part is sent back to mingle with the 
incoming crude sewage. The sludge carries the 
purifying organisms, and is mixed with the new sewage 
to the proportion of 25 per cent. It rises up the 
central pipe in the sump by hydrostatic pressure, and 
flows into the cell n. If any stoppage takes place in 
this pipe it can be cleared by turning a stream of 
water through it by the valve o. There is an air lift p 
by which the sludge is sent through the pipe q into the 
re-aeration tank, in which it is thoroughly blown with 
sewage until it overflows through the pipe r and the 
down-pipe s into the disintegration tank f. 

The general appearance of the works is shown in the 
photographic views, Figs. 3, 4 and 5, on this page. 
Figs. 3 and 5 are taken from the end at which is the 
disintegration tank, but do not show the balance 
tank. Fig. 4 is taken from the opposite end, and shows 
the settling tank, with weir troughs. It will be seen 
that the entire plant is quite simple, and is self- 
contained except as regards the sludge-drying ground. 
The sewage runs through constantly, coming in raw at 
one end and flowing off clear at the other, the sludge 
being deposited, to be partly used again and partly 
removed, 

No rain water is admitted to the plant. In this it 
is exceptional, for in most places the sewers must take 
the rainfall as well as the sewage. Then in wet weather 
the speed of the sewage is, of course, increased, and it 
receives less aeration. On the other hand, after the first 
rush the sewage is not so strong, and contains a good 
deal of dissolved oxygen, so that it is not necessary 
to carry the purification so far. The wet weather flow 
is the difficulty in all sewage works. In most it is per- 
mitted to deliver all inflow in excess of three times the 
dry weather flow direct to the watercourse, but this is 
not altogether desirable. However, we are still in the 
early stages of the activated sludge process, and further 
developments may be confidently expected. It is 
possible that it may be rendered still more active, so 
that even the wet weather flow may be dealt with in 
apparatus which is commercially possible. Certainly 
the process is full of promise, and should undergo rapid 
extension. It is gratifying to know that in this country 
we have led the way. The first tank, built at Milwaukee, 
was designed in the office of Messrs. Jones and Attwood, 
and was named the Fowler Tank in recognition of the 
work of Professor G. J. Fowler, D.Sc., of Manchester. 





Stace Pavine Bricks.—Slag paving bricks, says The 
Engineering and Mining Journal, New York, can be 
made from almost any class of iron blast-furnace slag 
for about 6 dols. per 1,000, although saleable for as much 
as 35 dols. per 1,000. Difficulties in manufacture have 
now been overcome; the precautions to be adopted 
arose from the necessity of treating the hot slag as it 
comes from the furnace, and heating the brick out of 
contact with air or steam to avoid brittleness. 


SIGNALLING ON THE PENNSYLVANIA RAILROAD.— 
The new colour scheme of signal indications, by which 
white lights will be eliminated altogether, was started 
on June 28 on all lines of the Pennsylvania Railroad 
east of Pittsburgh. Nearly a year of preparatory work 
has been required to make this change possible. Great 
difficulty was experienced in obtaining deliveries of 
manne owing to the war conditions. The decision 
to eliminate white from the signal colour scheme was 
reached on account of the increasing use of white lights 
of various kinds in buildings, drive-ways, roads and streets 
close or adjacent to the railroad’s right-of-way. Under 
the new plan green will replace white for “‘clear’’ or 
"a .’ “Caution” will be indicated by yellow. 
Red will mean “stop,’’ as heretofore. In addition to 
changing the glasses in all the semaphore signals, the 
following devices have been altered to conform to the 
new plan of colour indication : marker lights on the rear 
of passenger and freight trains; switch lamps and 
targets ; markers for track tanks; “slow” signs; “ re- 
sume speed"’ signs; and hand lamps at interlocking 
and block signal stations. No changes have been made 
in those short portions of the line which are protected 
by “‘ position light’ signals, the longest of which is the 
electrified section from Philadelphia to Paoli, Pa. 
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PNEUMERCATOR FOR DETERMINING 
CONTENTS OF HOLDS. 


We illustrate on page 122 an instrument used 
extensively for determining and indicating the draught 
of a ship in harbour or at sea, the cubical contents of a 
ship’s hold or of any compartment or vessel containing 
liquids. It is known as a pneumercator—a word built 
up of the first syllables of pneumatic and mercury and 
of the latter part of indicator, compressed air being 
used to actuate the mercury gauge of the indicator. 
It is made by the Pneumercator Company, of 118, 
Liberty-street, New York, U.S.A., and their repre- 
sentative in this country is F. 8. Dudgeon, Limited, 
30, Great St. Helen’s, London, E.C. 

The system is very simple and direct in its operation. 
A balance-chamber, consisting of a bell cast with 
suitable lug or hugs for attachment, is fixed, in the case 
of a ship’s draught or displacement indicator, in an 
enclosed casing at predetermined points forward and 
aft, and sometimes also amidships, below the light 
load-line of the ship as low down as possible. To this 
casing there is a 1-in. sea connection. Compressed air is 
passed into the interior of the balance-chamber, and 
this is further compressed in direct proportion to the 
head of water consequent upon the immersion of the 
ship, and therefore of its draught. There is a connec- 
tion from each balance-chamber through a }-in. copper 
tubing to a mercury gauge located on the bridge, and 
thus there is indicated on the gauges, which are suit- 
ably calibrated, the draught of the ship forward and 
aft, the mean draught and also the displacement. 
By fixing the chamber into a compartment the degree 
of compression of the air within it accords with the 
head of the contents, and by using the same connec- 
tions to gauges suitably calibrated there is indicated 
the exact contents in any desired notation—inches, 
feet, cubic feet, gallons, pounds, tons, &c. On the 
tubing near to the gauge is a three-way valve, so 
that the air compressor may be connected to the 
interior of the balance-chamber, or the interior of the 
balance-chamber to the mercury gauge, or to the 
atmosphere. This last connection enables the air to 
be released to bring the gauge to zero, so that on 
readmission of air the accuracy of the apparatus may 
be at once checked. 

The application of the system to an oil-tank steamer 
is shown on Fig. 1. In this case there is a draught 
indicator forward and aft, but not amidships, and the 
pneumercators are placed on the navigating bridge. 
In each of the eight tanks or compartments there is 
a balance-chamber, and the gauges for these are located 
in the boiler-room, and under the charge of the engineer 
responsible for loading and discharging the cargo. 
Fig. 2 shows a balance-chamber, Fig. 3 a single 
installation ready for fitting on board, and Fig. 4 a 
typical set showing «also the valves for opening 
the sea connection. In order to give audible and 
visual warning of a tank being completely~ emptied 
or filled the mercury makes or breaks electric con- 
nections at the predetermined maximum or minimum, 
thereby operating an indicator hand and ringing an 
alarm bell (Fig. 5). Fig. 6 shows the mercury gauge 
and electrical connections on the back of the indicator 
board. It will be seen that in the system there are 
no moving parts to get out of gear. There is an easy 
check on the operations. The smallness of the tubing 
enables it to be taken through any alley-way or round 
any corner. 

The displacement indicator is an accurate check 
on the tonnage of general cargo shipped or of coal 
bunkered. In cases where cargo has been weighed 
out the error has proved small to negligence. In one 
instance the instrument showed 7,248 tons shipped 
and the cargo when discharged weighed slightly less than 
7,249} tons. The invoices far bunker coal can 
checked. Any undisclosed entry of sea water into 
the ship when at sea is at once noted from the dis- 
placement indicator, so that it becomes in such case 
a safety device. It may be noted that knife-edges 
can be used for marking maxima and minima. The 


tank-contents indicator is a still more direct check 


on the tonnage shipped or discharged. 


The pneumercator is also applicable in many ways 
ashore to measure the depth or head of liquid in 
reservoirs, canals, wells, tanks, standpipes, &c., the 
rise and fall of the tide, the head of water over a sill 


of a graving dock, and for other purposes. 





New Inpvustries EstaBlLisHED IN THE 
Kixnepom,—Since the outbreak of war 
industries have been established in the United Kingdom 


and goods which formerly had to be obtained from 
The 
Department of Commercial Intelligence, Board of Trade, 
desires to make its record of such new industries as 
complete as possible, in order to satisfy inquiries for new 


abroad are now being manufactured at home. 


sources of supplies, which are frequently received 
Manufacturers are therefore invited to 


Department of new industries, or new developments of 
existing industries, established in this country. 


be | equipped laboratories of the Institute. 


UNITED 
many new 


inform the 


SOCIETY OF GLASS TECHNOLOGY. 


Tue July meeting of the above society was held on 
the 25th ult., in the School of Technology, Manchester. 
The chair was taken by Mr. Duncan Webb. After the 


+ 








forma! b was tr @ paper on “‘ The Action 
of Chemical and Physical nts on some Types of 
Scientific Glassware,” D. Cauwood, M.Sc., 


b ° 
8. English, M.Sc., and W. z. 8. Turner, D.Sc., M.Sc., was 
read by the last-named. The gradual development of 
high-class chemical glassware, culminating in the Jena 
glass of the Schott factory, was first outlined. The 
importance of chemical glassware in scientific develop- 


after the outbreak of war, chiefly owing to the insistent 
demands of the Sheffield steel works chemists, steps were 
taken to promote the manufacture of high-grade chemical 
ware in this country. Formule for making the glasses 
were placed at the disposal of manufacturers, Professor 
Jackson at the Institute of Chemistry, Mr. F. W. Branson, 
of Leeds, and Dr. Travers, of London, taking a leading 
part in the preliminary work and in the subsequent 
developments. How well the glass manufacturers had 
risen to the occasion the results of the paper showed, 
and they were to be congratulated upon the fact that 
they hal eecdentll glasses as good as, if not better in some 
respects, than the best German ones. 

The method employed in the research had been to 
subject Jena glass, five new British resistance glasses, 
and a few chemical glasses made in allied and neutral 
countries to the following series of tests :—(1) Action of 
steam ; (2) action of boiling water; (3) action of water 
under a pressure of 10 kg. per square centimetre; (4) 
action of water at 20 deg. C.; (5) action of water at 


80 deg. C.; (6) Action of x sodium hydrate solution 


at 100 deg. C. ; (7) action of 2N sodium hydrate solution 
at 100 deg. C.; (8) action of 2N sodium carbonate 
solution at 100 deg. C.; (9) action of 5 per cent. 
ammonium chloride solution at 100 deg. C.: (10) action 
of boiling 2N ammonia solution ; (11) action of hydro- 
chlorie acid fumes; (12) action of boiling hydrochloric 
acid solution; (13) action of 2N sulphuric acid at 
100 deg. C.; (14) cracking test. 

In addition each glass had been analysed. The results 
obtained were admirably illustrated by means of lantern 
diagrams, and it was at once apparent that in every 
test applied the British glasses compared most favourably 
with Jena glass, in some of the tests even surpassing it. 
A very representative collection of the various glasses 
experimented with was shown, and the effect of the 
various solvents on the glass surfaces thereby illustrated. 
A discussion, in which Mr. C. J. Peddle, Mr. Cauwood, 
Mr. English, Mr. Duncan Webb and Dr. Turner all took 
part closed the proceedings. 

Prior to the meeting a collection of American sands, 
with their analyses, presented to the society by Professor 
P. G. H. Boswell, was shown, and also a collection of 
British sands and glasses manufactured from them. The 
latter collection was loaned by Messrs. Wood Brothers, 
of Barnsley. The next meeting of the society will be 
held in Sheffield during the month of October. 





INDUSTRIAL RESTRICTIONS IN GERMANY.—The German 
War Ministry has recently requisitioned all bar iron, 
shaped iron and Monier iron. It is prohibited to use these 
products for new buildings, for extensions and altera- 
tions, except where the latter are of urgent necessity, 
which has to be certified by military authorities. This 
limitation does not apply to railway bridges nor to 
current maintenance in the mining industry. Firms 
using structural bars, iron for ferro-concrete or concrete 
work have to send in statements as to their stocks on 
every first day of the month when exceeding 500 kg. 
in weight ; and accurate accounts have to be kept by 
all concerned, 





Tue Sovurs-Western Potytecunic InstiTvTe.— 
The South-Western Folytechnie Institute, Chelsea, 
8.W. 3, will reopen on September 24, for day and evening 
courses. The engineering courses include lectures in 
electrical and mechanical engineering, physics, chemistry, 
mathematics and: practical instruction in the fully 
Students are 
repared by recognised teachers of the University of 
ondon for the B.Sc. degree in engineering of the 
university, for admission to the various engineering 
societies, and the examinations of the City and Guilds 
of London Institute. The evening courses include, 
besides the ne pr no courses referred to, classes in 
aeronautics and electrical installation work. 





BREATHING APPARATUS FOR Use IN Mrines.—The 
Committee of the Privy Council for Scientific and 
Industrial Research, on the recommendation of their 
Advisory Council, and at the request of the Home 
Office, have sanctioned the appointment of a committee 
with the following terms of reference :—‘*To inquire 
into the types of breathing apparatus used in coal mines, 
and by experiment to determine the advantages, limita- 
tions and defects of the several types of apparatus, what 
»| advisable that the types used in mines should be 
standardised, and to collect evidence bearing on these 
points. The gentlemen named below have been 
appointed members of the committee :—Mr. William 

alker, Acting Chief Inspector of Mines under the 
Home Office (chairman); Mr. John Haldane, LL.D., 
F.R.8S.; and Mr. H. Briggs, D.Sc., of the Heriot-Watt 
College. Mr. A. Richardson has been appointed secretary 
to the committee, and Dr. Henry Briggs has been 


. 





ment was emphasised, and it was pointed out that soon | 7d 


improvements in them are possible, whether it is|s 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

South Yorkshire Coal Trade.—With the possibility 
of getting supplies by open market sales becoming 
even more epclienas ical, consumers are urging collieries 
for the maximum deliveries on contract accounts, and 
this keeps pits working at the full stretch. Admiralty 
orders are an important item, and when they have been 
fulfilled the demands of the works and railways for hard 
coal absorb practically all that remains available. 
Larger sorts are particularly strongly held, whilst cobbles 
are the only smaller sorts furnishing the full tonnage 
ired. Gas coal goes away to inland works as 
produced, but the output is not large enough to allow 
of stocks being set aside for the heavy winter reserves 
which will be required. Slacks meet a steady inquiry, 
though orders have fallen off somewhat following the 
holiday season in the Lancashire and Yorkshire mill 
towns. Cokes have undergone a slight change on the 
week, and are easier. For household brands the demand 
continues insistent, though merchants and dealers have 
wiped off numerous arrears. Quotations :—Best branch 
hand-picked, 20s. 6d. to 21s. 6d.; Barnsley best Silk- 
stone, 18s. 6d. to 19s. 6d.; Derbyshire best brights, 
188. 6d. to 198. 6d. ; Derbyshire house coal, 17s. to 18s. ; 
best large nuts, 16s. 6d. to 17s. 6d.; small nuts, 15s. 6d. 
to 16s. 6d.; Yorkshire hards, 16s. 6d. to 17s. 6d. ; 
Derbyshire hards, 16s. to 17s. ; best slacks, 12s. to 13s. ; 
seconds, 10s. 6d. to lls.; and smalls, 7s. 6d. to 8s. 6d. 
per ton at the pit. 

Iron and Steel.—Work in all the shops, factories, 
fo: and furnaces will be continued right up to Friday 
night, when there will be the customary holiday cessation. 
From four to ten days, according to the nature of the 
orders on hand, the holiday will extend, though the 
longer stoppage in some cases has been rendered 
imperative by the need for overhauling and repairing 
plant, which has run uncommonly well under the ex- 
cessive strain. The advent of this interval has quietened 
down the buying and selling of all classes of material, 
and some works are advising the suspension of the 
delivery of materials to their establishments for a week 
from to-day. The general opinion here is that the 
holiday will more than pay for itself by rehabilitating 
the health and spirits of the workers, which the extreme 
heat has affected. Steel production in hot summer 
weather is not an ideal task, and the authorities have 
intimated that the rest has been well earned by the 
exceedingly good output maintained under trying con- 
ditions. The demand for all grades of steel, especially 
semi-manufactured, has reached an abnormally high 
figure, and the prospect facing the workers when they 
resume is one requiring stern, unbending endeavour. 
Aeroplane orders, or rather steel for their construction, 
are growing proportionately greater week after week. 
Tools of all descriptions are urgently wanted. The problem 
of rolling-stock replenishment, renewals and repairs is 
under consideration. The needs of the Army in France 
absorb almost the whole present-day limited production. 
Tyres, springs and axles for renewal purposes are wanted, 
but the day is approaching when the economical policy 
of to-day will necessitate remoulding. Sheep-shear 
makers have had a very busy season since last autumn, 
and orders have been very large for the Argentine and 
Australia. Overseas orders have arrived with the latest 
mails for files, tools, saws, plane irons, machetes, shovels, 
picks, hammers, cutlery, plate, hardware and steel. 


Sheffield Trade Matters.—The annual meeting of the 
Tinsley Rolling Mills Company, Limited, was held at 
Sheffield on Monday, when a dividend at the rate of 
10s. per share on the ordinary shares was declared, 
1,000/. added to the reserve, and 5,742/. 7s. 6d. carried 
forward. It was stated that the past twelve months 
had been full of activity and difficulty. 





THE AUTOMOBILE AssocIaTION AND Motor Union.— 
The annual general meeting of the Automobile Associa- 
tion and Motor Union was held on July 25 at the Savoy 
Hotel. Mr. W. Joynson-Hicks, M.P., chairman of the 

iation, presid In the course of his remarks, and 
with regard to petrol supplies, he stated that motorists 

been reduced from 16 gallons to 10 gallons per 
month, and from 10 gallons to no gallons per month, 
unless they were doing war work. Personally he did 
not complain. He h iven up his car and chauffeur 
some time back, and had no use for petrol. They all 
intended to win this war, and were willing to suffer in 
their — capacities in order that petrol might be 
used for more important purposes. ere was ample 
petrol in the world, and there would be no shortage when 
the war was over. The Shell Company had 18,000,000 
gallons of petrol stored waiting to come to this country 
when the war was over and tankage was available. He 
therefore ho that motorists would realise that petro] 
prices would go down when the war was over. He 
quoted figures showing that a surplus of 6,000,000 gallons 
of petrol had been collected by imports during the 
first five months of this year, as against the corre- 
sponding period of last year. He thought they were 
entitled to ask their friends in the Services to do every- 
thing possible to avoid waste of petrol. Last year he 
ke very strongly on this subject. This year he found 
that much of the waste then complained of had been 
stopped. Furthermore, the military authorities had 
appointed an inspector of petrol, but he certainly thought 
that there were opportunities for the equivalent of 
“petrol control’ of the naval and military vehicles 
travelling round the country. The members, he added, 
should assist in the revival of the manufacture of motor 
vehicles. After the war they would have new motor 
engines and cars far more wonderful than those in use 








constituted director of the inquiry. 





before the war. 
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NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Scotch Steel Trade.—Although in certain quarters some 
absolutely unavoidable delay took place in the com- 
pletion of the necessary repair work carried through 
during the holidays, the way in which labour in the steel 
works was resumed last week was a great tribute to 
the patriotism of those employed there. A busy time 
lies in front of all engaged in the production of steel, 
for there is no falling-off in the Government orders for 
all classes of material—indeed, rather is there a decided 
increase in the demand for material required for the 
prosecution of the war. This is further limiting the 
supplies available for other purposes, and it is now 
firmly borne in upon steel makers in the West of Scotland 
that there is little possibility of their being able to 
execute any general orders, so necessary is it that they 
should conserve the entire production for Government 
use. Contributing also to this state of affairs is an 
increasing shortage of steel. Large quantities are still 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MrppLesBRovuGH, Wednesday. 
The Cleveland Iron Trade.—As was anticipated, 
August allocations of Cleveland pig-iron are on a ve 
liberal scale, there being no phe 4 of iron, and bris 
home trade is now passing. Applications from Scotland 
are very heavy after the holidays there, but, on the other 
hand, requirements of North of England foundries. are 
slightly below the average of the last few months, due 
to holidays to be observed during August. There is a 
keen continental demand, and with rather more tonnage 
coming forward some expansion of foreign trade is 
looked for. Prices keep steady and firm. For home 
consumption No. 3 Cleveland pig-iron, No. 4 foundry, 
and No. 4 forge are all quo 92s. 6d., and No. 1 is 
96s. 6d.: and for shipment to France and to Italy 
No. 3 is 102s. 6d., No. 4 foundry 101s. 6d., No. 4 forge 
100s. 6d., and No. 1 107s. 6d. 


tite Iron.—There is still much stringency in the 





being utilised in the shipyards, where the work placed 
by the Shipping Controller proceeds with much activity, 
the precision with which supplies are being delivered 
enabling the work to be carried on with the utmost 
despatch. 

Malleable Iron Trade.—The repairs undertaken during 
the holidays having now been satisfactorily completed, 
the production of malleable iron in large volume is 
again being proceeded with, and the activity is intense. 
Makers have as many orders on hand as will keep their 
workers fully occupied for some considerable time ahead, 
Government demands, naturally, monopolising the bulk 
of the output. Although it is expected that the repairs 
executed should make an increased output possible, it 
is not very clear yet whether the ordinary mercantile 
consumer will benefit to any appreciable extent. 


Scotch Pig-Iron Trade.—Pig-iron continues in such 
constant demand that, at times, it is difficult to obtain 
supplies of some brands, foundry No. 1 particularly. 
Hematite is much in request at the steel works engaged 
in naval and military work; while at the iron works 
there is an equally intense demand for forge iron. Very 
little ordinary mercantile trade is being put through in 
the meantime. Where not officially fixed prices are firm 
with a strong upward tendency. 





Crry anp Guitps or Lonpon Instirute.—The 
Department of Technology of the City and Guilds 
of London Institute, Exhibition-road, London, 8.W. 7, 
have now issued their programme for the session 1917-18, 
It is published at the price of 9d. net, by John Murray, 
Albemarle-street, 8.W. 1. It covers over 80 techno- 
logical subjects in which examinations are held. The 
book contains over 400 re of regulations for the 
registration, conduct and inspection of classes and 
examination of candidates, and for the award of teachers’ 
certificates in manual training and in the subjects dealt 
with. 





DrriciBL—e BALLOONS FOR THE Postat SERVICE.— 
The French journal, La Nature, contemplates the use 
in the near future of dirigible balloons for the carriage 
of mails. They could, for example, fly in a straight line 
from Ireland to Canada or Newfoundland in less than 
36 hours. The cost of the machine complete would 
probably be 10,000,000 francs (400,000/.). To this 
should be added the cost of maintenance, the cost of the 
shed, the salaries of the personnel, the cost of the liquid 
fuel, &c., the whole making a heavy total. But the gain 
on the time for the delivery of mails would be worth an 
extra postage fee; taking the postage at 2 francs and 
on the basis of 200,000 letters carried on each trip, 
the receipts for each trip would amount to 400,000 frances. 
(16,000/.). On the estimation that a dirigible could 
make a total of 50 journeys each way, 100 in all, its gross 
receipts would amount to 1,600,000/. If, says our 
contemporary, the cost of the machine be réckoned, as 
above, at 400,000/., and the cost of working over the 
100 journeys be estimated to reach an equal sum, there 
would remain 800,000/. as gross profits for the pioneer 
transatlantic company. 





Lonpon County Counc Epvucation ComMiIrTEE— 
Munitions.—We have received from the Education 
Committee of the London County Council an extract 
from the agenda paper giving a short statement of the 
work accomplished during the past two years. Very soon 
after the formation of the Ministry of Munitions, efforts 
were made to utilise the educational resources of the 
London technical institutes to the fullest extent on 
munitions. The demand for training students did not 
tax the whole energies of the Council’s organisation, and 
it was decided to detail skilled staff from other branches 
of the service into certain institutions which could take 
up the manufacture of gauges, this line being urgently 
called for at the time by the Ministry of Munitions ; it has 
been possible to develop this work to a remarkable 
degree by the utilisation of these skilled workers, and 
this has been done with comparatively little interference 
with the normal activities in technical education. With 
the special object of avoiding interference with ordinary 
educational work, the training centres for munitions 
students were placed at Brixton and Shoreditch, where 
engineering instruction is not ordinarily given, and these 
centres were equipped with machines drawn from 
handicraft centres, and with more modern tools supplied 
by the Ministry of Munitions. During the two years 
ended June 30, 1917, as many as 8,089 students have 
been under training in the various centres, of whom 
6,088 have been certificated as satisfactorily completi 
their training ; 5,751 of these are known to have obtain 
employment on work of national importance. 


Hi 

East Coast hematite branch of trade, but careful dis- 
tribution, under strict official supervision, continues 
to assure regular and adequate supplies. to customers 
accessible by rail, and to leave some little surplus for 
export sale. A few home transactions are recorded 
from time to time, but new foreign business is very 
difficult to put through, and export quotations are 
almost nominal. Under old contracts, however, loadings 
for our Allies are receiving as prompt attention as 
circumstances permit, and, under conditions prevailing, 
dispatches may be regarded as satisfactory. Nos. 
1, 2 and 3 are 122s. 6d. for home use, 137s. 6d. for ship- 
ment to France and 142s. 6d. for export to Italy. 


Manufactured Iron and Steel.—There is absence of new 
features in the finished iron and steel industries. The 
heavy Government requirements and the large needs of 
the shipyards continue to absorb almost the whole of 
the output, so that there is very little material available 
for sale in the ordinary way of business. Prices are 
firm. To home customers common iron bars are 131. 15s.; 
best bars, 14/. 2s. 6d.; best best bars, 14/. 10s.; iron 
ship plates, 15/. 108.; iron ship ‘angles, 137. 15s. ; iron 
ship rivets, 18/.; packing iron and steel (parallel), 13/.; 
packing iron and steel (tapered), 15/. 58.; steel bars 
(no test), 147. 108.; steel ship plates, 11/. 10s.; steel 
ship angles, 11/. 2s. 6d.; steel ship rivets, 20/. and 
upward ; steel boiler plates, 12/. 10s, ; steel strip, 17/. ; 
steel hoops, 17/. 10s.; steel joists, 11/. 28. 6d.; and 
heavy sections of steel rails, 10/. 178. 6d. 


Coke.—The more than ample supply of coke has no 
sapesent weakening influence on values. Local demand 
is heavy, and descriptions needed for the blast-furnaces 
still realise fixed maximum rates, average kinds amg 4 
at 28s. at the ovens, and low phosphorus sorts at 30s. 6d. 
at the ovens. 


Ironworkers’ Wages.—The accountants to the Board 
of Conciliation and Arbitration for the Manufactured 
Iron and Steel Trade of the North of England have 
certified the average net selling price of iron rails, plates, 
bars and angles for the two months ended June 30 
last at 137. 10s. 9.87d., as compared with 13/. 9s. for the 
previous two months, and under sliding-scale arrange- 
ments ironworkers’ wages for August and a 
will be the same as prevailed during the preceding two 
months. 





NOTES FROM THE SOUTH-WEST. 

Cardi ff—Conditions on the coal market this week 
are unchanged. The Admiralty collieries are fairly well 
supplied with requisitioned tonnage, but other pits are 
not so well off. The dearth of business seems to be 
greater than ever, and members are utterly wearied with 
the prevailing conditions. Offices engaged in the work 
of the Controller or the Admiralty are the only centres 
of activity, and in their activities there is more restraint 
than there is encouragement of trade. Current values 
possess no interest, but there is a growing disinclination 
to observe the conditions of the Controller’s fixed-price 
scheme, and an interesting situation may probably arise 
if and when the supply of tonnage becomes normal 
again. The inexplicable delay in announcing the 
classification of Welsh coals is adding to the difficulty. 
As suggested last week, pitwood is inclined to be easier, 
and is at about 58s. 6d. to 60s. per ton. 


Ni .—The market this week is again featureless. 
There is no improvement to report in the supply of 
tonnage, and only a comparatively small number of 
tips have been at work at the Alexandra Docks. Hardly 
any parcels of coal are changing hands, and there is little 
prospect of any business till after the holidays. 


Miners’ Wages.—At a meeting of the owners’ repre- 
sentatives on the Conciliation Board for the Welsh 
Coal Trade a report was received from the joint 
accountants giving the result of the audit of the selling 
prices for the three months ended June 30 last. This 
is the third taken since last September and, like the 
two previous audits, showed a reduction in the average 
prices compared with those in the September quarter 
of 1916. On the ground of this reduction in price and 
the increased and continuously increasing cost of pro- 
duction, it was decided, subject to the approval of the 
Controller’ of “Mines, to apply to the workmen’s repre- 
sentatives for a reduction of 30 per cent. in the general 
w rate. This decision was formally communicated 
to the Controller, who, however, has replied this week 
stating that no application for a reduction in the general 
wage rate should be made at present. While abiding 
by this decision, the owners draw attention to the fact 
that in February last, as now, they were entitled to a 





reduction in the general wage rate, owing to the fall in 


the average selling prices of coal—and this is the main 
factor in the regulation of wages under the Conciliation 
Board agreement entered into as the result of Government 
intervention last year—without taking into account at 
all the heavy increased cost of working. It is only, 
therefore, at the direct request of the Controller that 
they have once more refrained from applying for a 
reduction in the general wage rate, and this course is 
followed without prejudice to their future position. 





New Sureyarp ry Norway.—The well-known Aker 
miemeing Company is about to start shipbuilding on a 
somewhat large scale. The site is located in the neigh- 
bourhood of Christiania, and the Norwegian engineer, 
Mr. Aamundsen, who for a number of years has occupied 
a leading position at the Burmeister and Wain yard, 
Copenhagen, has been engaged as director,of the new 
concern. 





THE Port or Goo.te.—In the article in our issue of 
the 20th inst. on the ‘‘ Lancashire and Yorkshire Railway 
Shipping Shed at Goole ”’ it is stated that the principal 
entrance locks are 460 ft. in length and 22 ft. in width. 
These res are incorrect. The correct particulars of 
the large entrance locks at Goole are as follow: Vigtoria 
Lock, 500 ft. in length, 47 ft. in width; Ouse Lock, 
264 ft. in length, 58 ft. in width. 





Tue ENGINEER ty ComMERCE AND InpDuUstTRY.—In 
Denmark a new section has just been formed within the 
Union of Danish Engineers, with a view to securing the 
co-operation of engineers for thé advancement of Danish 
industry and of the commercial undertakings which it 
entails. This section will embrace all technical branches, 
but it will differ from the other sections by also anes 
general industrial and mercantile aspects, in close touc 
with the doings of the day. The scheme is being backed 
by a number of eminent engineers. 





Post-War Trape wits Brterm.—His Majesty's 
Government have appointed a committee to investigate 
the of production and advancement of trade and 
commerce between the British Empire and Belgium. The 
members of the committee, representing the Foreign 
Office, Board of Trade, and the commercial community, 
are as follow :—Representing the Foreign Office: Sir 
Cecil Hertslet (chairman of the committee), His Majesty’s 
Consul-General for Belgium ; Mr. R. Macleay, Counsellor 
of Embassy in the Diplomatic Service, Deputy Controller 
of the Foreign Trade Department, Foreign Office ; 
Mr. M. Neville Kearney (secretary of the committee), 
of the Consular Service, attached to the Foreign Office. 
Representing the Board of Trade: Sir W. H. Clark, 
KCST. C.M.G., Comptroller-General of the Department 
of Commercial Intelligence, Board of Trade; Sir E. 
Wyldbore-Smith, Director of the Commission Inter- 
nationale de Ravitaillement ; Mr. Percy Ashley, Board 





of Trade. Representing British commercial and financial 
interests : Sir Algernon F. Firth, Bart., representing the 
Association of mbers of Commerce of the United 


Kingdom ; Mr. E. F. Oldham, representing the Federa- 
tion of British Industries ;. Mr. M. Cleminson, representin, 

the Chamber of Shipping of the United Kingdom an 

the Liverpool Steamship Owners’ Association ; Sir R. 
Vassar-Smith, Bart. (chairman of the Committee of 
London Clearing Bankers), representing the Bankers’ 
Clearing House ; The Lo ——, representing the 
British Trade Corporation; Mr. Frank Potter (general 
manager, Great estern Railway), representing the 
Railway Executive Committee. e members of the 
committee (other than those representing the — 
Office and Board of Trade) have m nominated by the 
bodies which they represent, at the invitation of His 
Majesty’s Government. ‘The following are the terms of 
reference for the committee :—(1) is committee is 
established for the purpose of inquiring into all matters 
relative to trade between the British Empire and Belgium, 
with a view to increase and develop that trade by every 
desirable means. (2) It will be the duty of the com- 
mittee to investigate, as far as possible, all means to be 
adopted in order to attain the object set out in para- 
graph 1. The committee will examine into the supplies 
and requirements of the respective countries (in so far 
as they have relation to its scope) and give advice as to 
how trade between them can best be established, 
developed and increased. It will obtain information and 
evidence from all available sources, and endeavour to 
render all possible assistance in regard to shipping, 
manufactures, imports and exports, and trade generally 
between the Empire and Kingdom. (3) The committee 
will consist of three representatives appointed by the 
Foreign Office, and three representatives appointed by 
the Board of Trade. A chairman and secretary will be 
chosen from their number. The committee shall have 
power to add to its numbers by the appointment of such 
persons of experience in the matters with which it has 
to deal as it may think expedient, and it will also consult 
from time to time other representatives of commerce 
having special knowledge of Belgian trade, shipping 
and finance. (4) It is particularly laid down that the 
purpose of this committee shall be a general one, and 
that it shall not be part of its duties to foster the advance- 
ment of the trade of any particular’individual or firm, 
nor to devote its assistance to any special branch of 
trade or industry except in relation to the general 
principles for which it is established. The committee 
will be known by the short title of ‘‘ The Belgian Trade 
Committee.” An office of the committee (under the 
Foreign Office) has been established provisionally at 39, 
Parliament-street, 8.W. 1, to which all communications 





for the committee should be addressed. 
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PLATE XIV. 





ORK THE TOTTENHAM DISTRICT LIGHT, HEAT AND POWER COMPANY. 


NEER: ##0DALL-DUCKHAM COMPANY, WESTMINSTER, CONTRACTORS. 
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AMERICAN SHIPPING AND 
SHIPBUILDING. 

Srnce the war started 37,000,000/. of new capital 
has been invested in United States shipping enter- 
prise ; a Federal shipping board has been appointed, 
under the terms of the Ship Purchase Act, which 
was passed by Congress last session, and has been 
authorised to raise capital stock up to 30,000,000I. 
to acquire and operate ships, whilst a proposal is 
before the House of Representatives for the ex- 
penditure of 150,000,000/. for the construction of 
merchant vessels; more than 1,000,000. has been 
voted for improvements and additions at the navy 
yards. Tens of millions of new capital are being 
invested in private shipyards. 

This great boom in American shipbuilding and 
its twin industry, shipping, is of more than tem- 
porary and more than ordinary interest. It may be 
that, after the war, the United States instead of 
Germany will be our chief rival in the shipbuilding 
and ocean-carrying trades, as that country was in 
the first half of the nineteenth century. The 
Americans are playing a highly welcome part in 
helping to make good the shipping losses due to the 
German submarines, and in helping to combat the 
submarine menace. But the great activity in 
American shipbuilding is something more than a 
creation of the war. Certainly it has been accele- 
rated by the war; but it is part of a national move- 
ment, inaugurated before this world upheaval, to 
revive permanently the shipping and shipbuilding 
trades of the United States. A vast avenue of 
international trading and competitive possibilities 
is opened out by American shipping legislation and 
enterprise, coupled with the opening of the Panama 
Canal—assuming that the new waterway proves 
safe and successful. 

American shipping has had two generations of 
progress, followed by two generations of retro- 
gression. Now history seems to be repeating itself 
The trade seems to be taking another new lease of 
life. Between 1790 and 1850 American shipping 
was raised from a very low to a very high position. 


go | In the "fifties of the last century the American flag 


was in every port, and United States builders 


30 | launched 50 per cent. more new tonnage than we did. 


It was not, indeed, until the ’seventies that Great 
Britain built as large a tonnage in a year as the 


1 | United States built in the ’fifties. The’first Federal 
33 | Government, in its first Act for the protection of 
34 | home industries, enacted a special set of laws, dues 
35 | nd customs designed to foster shipping and ship- 


building. At that time the situation relatively 
was pretty much the same as it has been in recent 
years. In 1790 the gross tonnage of United States 
ocean-going shipping was only 123,000 tons. Of the 


foreign vessels—80 per cent. in British ships. But 
under the laws enacted in 1789 United States 
shipping grew to a tonnage of 1,000,000 tons by 
1820, and the proportion of the country’s commerce 
carried in home vessels reached 90 per cent. British 
and other foreign ships were squeezed out of 
American trade as fast as American ships could be 
launched. The shipping favours were continued— 
variously in the form of subsidies for home vessels 
or home shipbuilding, discriminatory customs 
tariffs and harbour dues against foreign vessels— 
and by 1855 United States ocean tonnage reached 
2,500,000 tons. 

In the ’fifties, however, the American agricultural 
interests set up a vigorous opposition to the shipping 
subsidies, and by 1862 all the favours were with- 
drawn, and the shipping trade of the United States 
was left to compete with the world unaided. A 
decline at once commenced, and by 1910 the 
United States ocean-going tonnage had shrunk to 
1,000,000 tons, against Britain’s 15,000,000 tons 
and Germany’s 4,000,000 tons. That was in spite 
of a huge growth in the population and commerce 
of the United States. In the last twelve months 
before the European War only 8 per cent. of 
American external commerce was carried in 
American ships. The substitution of iron and steel 
for wood in shipbuilding was, of course, one factor 
in the decline of American shipping. The United 
States is exceedingly rich in iron ore and coal, and 
its iron and steel producing capacity is now bigger 
than that of Britain and Germany put together ; 
but when it comes to shipbuilding our American 
rivals labour under marked disadvantages. Their 
ore is deposited 1,000 miles from their coalfields ; 
their steel works, on account of the coal, are between 
400 miles and 500 miles from seaboard, whilst 
their wages are extravagant for only moderately 
skilled workmen. The latter point, of course, is 
due to the abnormally high standard of living and 
the keen demand for labour, consequent on the 
phenomenal industrial development of the United 
States internally. The chief factor, however, in the 
decline of American shipping since the middle of 
the last century was the withdrawal of the subsidies 
and other favours just mentioned. 

For several years there has been a steady agitation 
in America for more ships. About twenty years ago 
a Merchant Marine League was formed to advocate 
a revival of United States’ shipping. Several 
shipping measures were introduced from time to 
time, but none of them passed, though Congress 
votes showed a steady growth in favour of the 
“more ships”’ movement. However, the almost 
simultaneous opening of the Panama Canal and the 
outbreak of the world war have combined to bring 
this question right into the forefront of American 
politics. The United States Government carried a 
notable measure entitled the Ship Registry Act 
in 1914, which permitted, on certain terms, the 
transference of foreign-built vessels to the American 
flag; and last year it enacted what is still called 
the Ship Purchase Bill, providing for the appoint- 
ment of the Federal Shipping Board, above men- 
tioned, and the acquisition and operation of merchant 
ships by the Government, whilst further measures 
are promised. The confidence that is felt in the 
permanency of the American shipping revival is 
evidenced by the large amounts of new capital that 
are being invested both in shipbuilding yards and 
ships. When the war broke out the tonnage of 
United States shipping engaged in foreign trade was 
only, in round figures, 1,000,000 tons gross. An 
interesting feature of current developments is the 
revival of wood as a building material,* partly on 
account of the famine price of steel, and partly in con- 
sideration of the urgent demand for rapid construc- 
tion. At the beginning of the year 161 wooden 
vessels of 500 tons gross or more were being built, 
or were under contract, in the United States. But 
that this revival of wood is likely to be permanent is 
more than doubtful. 

Whether the general revival will be more than 
temporary—whether it will outlast the war con- 
ditions—is a question of open controversy. Much 
will depend upon the measure of State support, or 
protection, the United States Government will give 





* See ENGINEERING, vol. ciii, p. 442, and p. 90 ante. 
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shipping to enable it to compete with countries 
that have cheaper building resources and cheaper 
seamen than America can ever hope to have. Much 
also will depend upon the attitude and policy of our 
British workmen, engineers and statesmen. If our 
trade unionists are unreasonable after the war, 
if our engineers will not adopt standardisation and 
other economical methods, and if our statesmen 
will not give enterprise and industry the best 
possible consideration, then there will be nothing 
to prevent such a growth of American shipping and 
shipbuilding, and such a decline of the British 
trades, as will eventually transfer supremacy in 
these lines from this country to the United States. 
On the other hand, we hold such unique advantages 
—with our coal and iron supplies, our steel works 
and shipbuilding yards and shipping ports all 
practically side by side, and with our huge building 
capacity and inherent skill—that we ought, without 
much difficulty, to hold our own against any 
possible competitor. This brings us to the root 
question of competition—the question of cost. The 
whole problem resolves itself into one of cost. The 
country that can produce and work ships the most 
cheaply will get the most trade. 

How formidable the task of resuscitating American 
shipping will prove—or would have proved, but 
for the war—may be gathered from the fact that, 
according to the calculations of the National Trade 
Convention, a tramp steamer costing 66,000/. in 
England, in 1913, would have cost 138,000/. in the 
United States, whilst the expense of sailing was 
80/. per month for wages, and 20/. for stores, food, 
&c., in favour of the British flag. Such examples 
as the following are given: ss. Aztec, gross tonnage 
3,508, operating between San Francisco and Hong- 
Kong (United States flag), total monthly wages 
2,695 dols.; ss. Canterbury (British), 3,508 tons, 
operating between London and the Pacific Coast, 
monthly wages 901 dols. ; ss. Titania (Norwegian), 
3,613 tons, operating as a tramp on the Pacific Ocean, 
monthly wages 614 dols. It was pointed out that 
American vessels of more than 1,000 tons must 
carry a third mate whether they needed him or not, 
and must have four quartermasters, although 
English ships carried only two and let seamen stand 
the other watches ; that American ships must carry 
four licensed engineers, whilst most foreign vessels 
carried only three, the donkeyman standing the 
other watch. American ships require three water- 
tenders, a rating unknown on foreign vessels, and 
a large number of ordinary seamen, whilst there 
were enormous differences in the wage scales. 

At the National Foreign Trade Council Con- 
vention this year estimates were submitted showing 
that the average wages in shipbuilding in Great 
Britain were 50 per cent. less, and the net output 
per worker 14 per cent. higher than in American 
yards. Mr. J. W. Powell, president of the Fore 
River Shipbuilding Corporation, contended that in 
spite of the vast capital expenditure devoted to 
the improvement of American shipbuilding plants 
during the past three years, which was believed to 
have placed them in the front rank from the point 
of view of equipment, no superiority of design or 
methods of building could overcome the basic 
disadvantages of the American industry. Only 
legislative enactments could enable the United 
States to compete successfully under peace con- 
ditions with other nations, in view of the cost of 
materials and labour. 

Other high American authorities hold different 
views. The capital that is being risked in American 
shipping and shipbuilding is proof of the confidence 
felt in the future. It is believed that on the one 
hand the United States Gove:nment will grant such 
generous assistance, by way of subsidies or other 
measures, whilst on the other hand the war and 
labour demands will so enhance British costs as to 
render shipping and shipbuilding profitable even in 
America. The New York Annalist, in summing up 
the possibilities a few months ago, declared that 

“it was probable that for many years to come the 
cost of labour and materials in the United Kingdom 
and Germany would be as high as in the United 
States, and that the start which American yards 


had obtained, thanks to the war, would enable |~ 


them to compete successfully with foreign ship- 


steel works and shipbuilding yards and ports, all 
practically side by side; with our peculiar skill and 
aptitude in shipbuilding and seafaring; with our 
huge imports of food and raw materials, and 
equally abnormal exports of manufactures; with 
vast Colonies and great Allies prepared to give us 
practical trading preferences and to boycott our 
erstwhile greatest rivals, the Germans, we only need 
active and hearty co-operation between labour and 
capital and the State to keep us ahead of all nations 
in shipping. But such co-operation we must have, 
or fail in the international race. 





SOME HIGH-PRESSURE PHENOMENA. 
Tue older generation of the present day has had 
to learn a great deal since leaving college, and has 
had to unlearn a good deal as well. The indestructi- 
bility of the atom has gone, to be resuscitated in 
a new sense; the discredited emission theory of 
light has come to honour again; our notions of 
transparency have been revolutionised; one 
permanent gas after another has had to submit 
to liquefaction ; and the incompressibility of liquids 
is no longer an orthodox tenet. When liquids and 
solids were exposed to pressures and temperatures of 
thousands of atmospheres and degrees, scientists 
recognised that their admitted ignorance of the 
nature of liquids and solids was greater and their 
knowledge far more defective and faulty than had 
been assumed. Materials had been too much 
judged by what they appear to be at ordinary 
temperatures. But the study of extreme conditions, 
low and high, promised to simplify our views. Life 
and complexity seemed, and seem, to be impossible 
under extreme conditions; many differences appeared 
to vanish as absolute zero or very high pressures 
were approached, and it looked as if the liquid 
molecule would become too closely packed at high 
pressure to admit of much variety, at any rate as 
to compressibility and thermal expansion. Those 
anticipations have not been realised. Liquids 
seem to retain their physical peculiarities at 20,000 
atmospheres, and the assumptions concerning the 
processes going on in the interior of the earth 
remain as speculative as they were. One general 
conclusion may perhaps be drawn. On the whole, 
rise of temperature and rise of pressure have 
analogous effects. That temperature is the more 
powerful agent, apparently, and that a rise of 
10 deg. may be said to correspond to a pressure rise 
of 1,000 atmospheres, is largely due to the selection 
of our units. It would also appear that, from the 
molecular standpoint, the liquid state is really 
intermediate between the gaseous and the solid 
states—in other words, that the gas laws cannot 
generally be extended to liquids. 

Water was the first liquid systematically attacked. 
Water has many peculiarities. It was considered 
strange that water, almost alone of all substances, 
should have a maximum density at 4 deg. C. above 
its freezing-point and that it should expand in 
freezing. Then Tammann (Géttingen) found, twenty 
years ago, that there are three or four kinds of 
ice, not merely differing as to the system of crystal- 
lisation, but strongly showing the peculiarities of 
distinct modifications, stable over different ranges. 
P. W. Bridgman (Harvard College, Cambridge, 
Mass.), extending the range of experiments, dis- 
tinguished five kinds of ice, which he numbered 
I, Il, Il, V, VI (he does not accept Tammann’s 
ice IV), possibly with subdivisions, and his equi- 
librium diagram water-ice is as complex as the 
iron-carbon diagram. Does water really stand 
alone ? So far it seems so in some respects. But 
it is as yet too early to speak definitely. 

Most solids expand fairly regularly, but not quite 
regularly, when heated; on melting there is a 
sudden large expansion (5.5 per cent. in tin), and 
the heated liquid continues to expand. The cooled 
liquid contracts and freezes at the same temperature 
if pressure, &c., be the same. Many substances like 
quartz and phosphorus pass into different modifica- 
tions when heated and compressed. All the 
characteristic points are influenced by pressure. 
At a pressure of 1 atmosphere* ice melts at 0 deg. 


* Pressures are, for the present, endestecd to be 





builders.” But with our coal and iron supplies, our 


and mercury at —38.8 deg.; at 100 atmospheres 
ice melts at — 1 deg. To melt mercury at 0 deg. 
the pressure has to be raised to 7,600 atmospheres, 
which may be called the melting pressure at that 
temperature. In the case of mercury and most 
substances the rises of temperature and pressure 
proceed on parallel lines ; at 12,000 atmospheres the 
melting-point of mercury is + 21.99 deg. C., and the 
4 t, the rise in the melting-point per 1,000 atmo- 
spheres, has throughout the range the almost con- 
stant value of about 5 deg. For this reason Bridgman 
was able to measure some of his pressures by the aid 
of the electric resistance of a mercury gauge. In 
the case of sodium the A ¢ diminishes for the same 
range, 0 to 12,000 atmospheres, from 16.2 deg. to 
5.2 deg. ; in the case of carbon dioxide—which melts 
at —56.6 deg. at 1 atmosphere and at + 93.6 at 
12,000 atmospheres—the Ai diminishes from 19.3 
to 9.3 deg. (Bridgman). 

All liquids and solids, we further find, are com- 
pressible, and the absence of some incompressible 
material naturally renders these investigations 
very difficult. Graphite, sometimes proposed as 
reference substance, A. L. Day and Sosman found 
—at the Geophysical Laboratory of the Carnegie 
Institution, Washington, where John Johnston, 
presently to be mentioned, also works—occurs in 
several modifications. Tool steel seems to be the 
most suitable material. A pressure of 10,000 
atmospheres reduces 1 volume of steel to 0.99, 
1 of glass to 0.974. Different kinds of steel and 
iron had about the same compressibility of 5.3 x 
10-7, aluminium gave 11.7 x 10’, Jena glass 
2.2 x 10-*—all at 6,800 atmospheres. Bridgman 
further reduced the volumes of a dozen liquids, alco- 
hols, ethers, acetone, carbon disulphide, &c., all to 
about 0.75, by pressures of 12,000 atmospheres. 
The curves of these liquids all looked regular, the 
rate of compression decreasing at higher pressures ; 
but they all had their peculiarities, though nothing 
like those displayed by water; and there is no 
‘‘normal” liquid. Compressed at 20 deg. C., water 
contracts to about 0.82 at 9,000 atmospheres ; then 
the volume suddenly drops by 7.5 per cent. of the 
original volume, after which there is a further 
steady but very slight compression. We have already 
stated that the equilibrium - diagram water-ice is 
very complex; the following melting-points (and 
corresponding pressures) will exemplify this :— 
— 8.8 deg. (1,000 atmospheres, ice No. I, see pre- 
vious column); — 22.0 deg. (2,115 atmospheres, 
triple point, at which ice I, III and liquid are all pos- 
sible) ; —34.7 deg. (2,170 atmospheres, triple point, 
ice II); — 24.3 deg. (3,510 atmospheres, triple point, 
ice III, V, Il); — 17 deg. (3,530 atmospheres, ice V, 
liquid); — 4.2 deg. (5,500 atmospheres); + 0.16 
deg. (triple point, ice V, VI, liquid); + 12.8 deg. 
(8,000 atmospheres); -+ 73.6 deg. (20,000 atmo- 
spheres). Thus there are, according to Bridgman, 
five or six triple points, and ten or eleven trans- 
formation lines. Increasing pressure first lowers 
the melting-point, and then, above 2,115 atmo- 
spheres, raises it. All the ices, except I, are denser 
than water ; ice VI is the most stable, and the only 
one possible above 0 deg. C. ; hot water at + 75 deg. 
would freeze to ice VI at 20,000 atmospheres. The 
changes are usually rapid at the triple points, but 
sometimes very slow. 

But these features are not altogether singular. In 
the expectation that the properties of liquids would 
at low temperatures approximate to the character- 
istic properties of solids, W. Seitz and G. Lechner, of 
Aachen, in 1915 submitted some hydrocarbons, 
alcohols, ethers, &c., to low temperatures and high 
pressures, partly making use of experimental ar- 
rangements similar to those adopted by W. Wahl, of 
Helsingfors, in the researches which he conducted in 
the Davy-Faraday Laboratory.* In some cases Seitz 
found the coefficient of thermal expansion to diminish 
with falling temperature to a minimum at about —40 
deg. C. for alcohols, and at — 70 for carbon disulphide, 
to rise again afterwards. In other cases no minimum 
was reached at — 120 deg. C. As the pressure was 
raised to 1,000 atmospheres the tendency of the 
coefficient of expansion to increase with falling 
temperature became more marked than at ordinary 
pressure. Wahl found that solid oxygen is dimor- 
phous, and that methane and some alcohols crystallise 





pond hydrostatic, and are expressed in atmospheres, 
atm. = | kg. per sq. cm. 


* See ENGINEERING, May 8, 1914, page 638. 
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in the cubical system ; we should refer our readers to 
his researches. Bismuth, which, like water, expands 
in freezing, follows the analogy of water in so 
far as its freezing (or melting) point is lowered 
(not raised) from 271 deg. C. at 1 atmosphere, as 
the pressure is raised, to 218 deg. at 12,000 
atmospheres; but the curve is quite regular. 
Heating white phosphorus to 200 deg. C. at 12,000 
atmospheres, Bridgman observed a sudden con- 
densation of the vapour, after a gradual fall of 
pressure, to a grey phosphorus of density 2.7 
(against 1.9), which he could not prepare in any 
other way; this phosphorus resembled graphite 
and was a fair conductor of electricity. A. Smits 
obtained grey phosphorus in a different way ; there 
is also a violet: phosphorus, whilst the formerly 
assumed red phosphorus is not now regarded as a 
pure modification. 

Whether or not increased high pressure will 
continue to raise the melting-point of a solid, or 
whether the curve will pass through a maximum, 
which would mean that, at sufficiently high pressure, 
all solids should liquefy, no matter what the tempera- 
ture (Tammann), is not settled. Bridgman and 
Johnston argue that there is no reason for the latter 
assumption, nor for the analogous suggestion that 
there must be a critical end-point in the liquid- 
vapour curve. When saturated steam is super- 
heated in the presence of water the liquid and vapour 
phases become indistinguishable at the critical end- 
point of about 370 deg. at 200 atmospheres (365 
deg. C. and 194.6 atmospheres according to Battelli). 
Below the critical point, but not above it, increased 
pressure will always condense part of the steam. 
But the water vapour or gas might directly con- 
dense to ice, as the phosphorus does. In the case 
of carbon dioxide the critical temperature is + 31 
deg. when the pressure is 5,500 atmospheres. 
Beyond that temperature only gas and solid CO, 
seem possible, and the melting curve is quite 
regular and does not show any break or inflection 
at the critical temperature. These considerations 
are of high geophysical importance. From the 
absence of tidal motion within the interior of the 
earth and the rate of propagation of earthquake 
waves—which may describe an arc in the solid 
crust, or travel in a chord right through the interior 
—it seems to follow that the interior of the earth 
must be solid and cannot be liquid. But the subject 
is too obscure, and would be so even if the problems 
were merely physical, and if chemical reaction did 
not come into play. Minerals, so far as investi- 
gated, expand with fair regularity ; in the case of 
rocks the phenomena are complex. 

So far we have referred to uniform, purely hydro- 
static pressure. Non-uniform pressure, of the 
nature of a shear, should affect solids only and not 
affect the cases mentioned, in which the specimens 
were placed within compression chambers filled 
with kerosene or gasolene—the viscosity of which 
increased enormously. But non-uniform pressure 
would enter into the phenomena of the liquids 
when there is a possibility of the presence of both 
a solid phase and a liquid phase ; there might also 
be some unintended contact between solids in the 
experiments, or at any rate restriction in the free 
propagation of changes in the hydrostatic pressure. 
One can understand that uniform and non-uniform 
pressures may have different effects, and that the 
effects of a shear superposed upon a uniform pressure 
will be relatively very strong, especially when acting 
upon a small area. But it is difficult to see why— 
quite in general, as Johnston put it—uniform 
pressure should raise the melting-points and non- 
uniform pressure should lower them. Shear above 
the elastic limit results in a deformation from which 
the solid cannot recover. It requires some effort 
to imagine that uniform stress, sufficiently strong 
to produce an appreciable compression, can be alto- 
gether devoid of a shear, though the elastic theory 
makes that demand. 

The effect on a melting-point or a transition 
point (at which one solid modification passes into 
another) of unknown extra stress, not hydrostatic, 
has received very meagre attention, as Bridgman 
pointed out last year. In his own consideration, 
which he bases on Voigt’s general thermodynamic 
potential of solids under stress, he suggests that 
two phases of a substance, initially in equilibrium 





with one another, are in contact across a membrane 
permeable to the reacting phases. That fictitious 
membrane, he admits, is a severe strain on the 
imagination, and his conclusion is not easy to 
understand either: ‘A solid subjected to any 
stress system whatever (tension, compression or 
shear) experiences a depression of the melting-point 
at the unstressed surface (or at a surface by 
less than the average amount), and melting will 
take place at that surface if the stress be high 
enough.” The statement is free from all hypothesis 
as to the nature of the contact between the crystal- 
line grains. Plastic flow, he maintains, is produced 
under certain conditions by an actual melting with 
regelation of those crystalline grains which bear the 
brunt of the stress, this local melting being governed 
by the equations for an unequally-stressed solid, 
and not by the equations for a solid under hydro- 
static pressure in equilibrium with a liquid not under 
pressure. This contributory agent in plasticity 
does not appear to Bridgman to be largely effective 
in the majority of practical cases, however, for many 
substances an analogous effect due to the displace- 
ment of polymorphic transition points would be of 
more importance. 

Some thirty substances were examined by Bridg- 
man as to polymorphic changes, alkali salts, organic 
compounds, &c., and two or three modifications 
were found in most of these cases, whilst a hundred 
other substances did not show transition points. 
One might expect that the phase with the smaller 
volume would display the smaller compressibility 
and the smaller thermal expansion, and that the 
phase which is stable at higher temperature would 
have the higher specific heat. From this point of 
view, however, there were, in the several respects, 
as many normal substances perhaps as abnormal 
substances. The case of mercuric iodide (known 
in a yellow and a red modification) is interesting ; 
the transition curve had a maximum at 4,800 
atmospheres and 181 deg. C. 

As regards electrical resistance Bridgman found 
that pressures up to 12,000 atmospheres reduced 
the resistance of 22 metals. in all cases, except 
those of bismuth and antimony; this exceptional 
behaviour of antimony was unexpected. The 
changes in resistance amounted to as much as 
12 per cent. in some cases, and the pressures 
applied would, with respect to compressibility, prob- 
ably reduce the volumes of the metals in question 
to less than the volumes at absolute zero tempera- 
ture. The temperature coefficients changed very 
little with pressure. 

One can scarcely picture to oneself what should, 
from a common-sense point of view, take place at 
high compression. Too many factors enter, of 
similar and of opposing natures; the thermal 
factors—latent heats, specific heats, conduction, &c. 
—are complex in themselves. Pressure effects on 
chemical reactions—disregarding cases in which 
gases play a part—on solubility, electrolytic con- 
ductivity, &c., seem to be weak ; as long as pressures 
of a few atmospheres only were tried, the effects 
were possibly underrated ; later on they were over- 
rated. 

The question of purity becomes of the utmost 
importance at high pressures. A good deal of what is 
regarded as plasticity may be due to traces of im- 
purity which will influence chemical reactions, the 
specific heat and local melting. For various reasons 
the surface layer of a substance is frequently con- 
sidered as being distinct from the material underneath, 
and we do not know in how far the liquid medium 
in which a solid is being compressed might count as 
impurity. The high pressures of modern labora- 
tories may be insignificant, moreover, compared .to 
the pressures in the earth’s crust, which raised 
continents and mountain ranges and folded and broke 
and actually turned topsy-turvy strata many 
hundreds of feet in thickness. They may be 
insignificant also compared with molecular forces. 
Yet they might release molecular forces which only 
come into play at close contact. Then the influence 
of the shape of the molecule and atom would exert 
itself, and if the atom be not an entirely homo- 
geneous sphere, but something possessing a structure 
in which local centres of force will exist, the extreme 
complexity of compression and concomitant 
phenomena would appear less incomprehensible. 





‘PEAT POWDER FUEL FOR THE 
SWEDISH STATE RAILWAYS. 


TuE problem of exploiting the world’s vast peat 
deposits in a rational and remunerative manner has 
tempted many an engineer and many an inventor, 
but on the whole the results so far have hardly been 
satisfactory, with a few isolated exceptions. The 
country which seems to have brought the problem 
nearest the desired solution is Sweden, where 
several eminent engineers, amongst them the late 
Dr. Gustaf de Laval, have taken up the question 
with much interest and perseverance. The Swedish 
State, always willing to aid enterprises designed to 
exploit the country’s natural resources, has herself, 
through the medium of the State railways and 
with their working in view, undertaken important 
work which may now be said to have passed success- 
fully beyond the initial stage. 

Some seven or eight years ago the Swedish State 
railways commenced tests of air-dried peat for 
locomotive fuel, but the experiments, for various 
reasons, did not altogether encourage further 
experiments, and the matter was dropped for the 
time being. In the year 1914, however, the peat 
problem again asserted itself, although under 
another form, and the State railways at once 
prepared to take up the matter when they learned 
that peat powder had been successfully tried as 
locomotive fuel on the private Rimbo railway. 
The requisite appliances were fitted to a locomotive 
with a view to testing the principle on the State 
railways. and peat powder was purchased. (See 
“ Peat Powder as Locomotive Fuel,’ ENGINEERING, 
October 20, 1916.) A locomotive fitted for burning 
peat powder has been used ever since the spring of 
1914, and it may now be maintained that peat 
powder can be used commercially for locomotive 
fuel, which is more than can be said of air-dried 
peat. It has been proved that peat powder will 
enable a locomotive to meet ordinary traffic condi- 
tions in Sweden and to run in a perfectly satisfac- 
tory manner. 

Amongst the various advantages of peat powder, 
as compared with ordinary peat fuel, may, be 
mentioned the fact that its proportion of water can 
easily be kept below 12 per cent. to 15 per cent., 
and that it lends itself admirably to automatic 
stoking. The tests referred to above were so 
encouraging that it was decided to continue the 
experiments with peat powder fuel on a much larger 
scale. Large and regular supplies of peat powder, 
beyond what could be reckoned upon from private 
concerns, being necessary for this purpose, the 
State railways first of all had to construct a peat- 
powder factory. It was decided to erect it at the 
Hiisthagen peat deposits, near Vislanda, and to 
adopt the Ekelund system. The Swedish Riksdag, 
in 1916, voted a grant of 70,0001. for this purpose. 
An arrangement was made with the existing peat- 
powder factory to.carry out the work, the State 
railways, however, finding the necessary Decauville 
material, engines, boilers, &c. 

The peat deposits in question cover an area of 
some 500 acres, with an average depth of rather 
more than 6 ft. 6 in., representing about 5,000,000 
cub. m. of peat; the annual production is calcu- 
lated at 20,000 tons of peat powder, which repre- 
sents 220,000 cub. m. of natural peat. This peat is 
raised by means of three electrically-driven digging 
machines ; the output from each machine has been 
put at about 30 cub. m. per hour, 700 cub. m. for 
the 24 hours, and 70,000 cub. m. during the 100 
working days per annum which are reckoned upon. 
Each machine, however, has a guaranteed capacity 
of 45 cub. m. per hour. The machines are to leave 
a layer of peat with a view to future cultivation. 
As the work proceeds the denuded portion of the 
area is levelled and sown with grass so as to produce 
a firm surface. 

From the digging machines the peat passes into 
Decauville trucks, which run on lines placed 
alongside the area operated on by the digger. As 
soon as oné truck is filled another is placed under 
the delivery shoot of the machine, and when 
8 or 10 trucks have been filled they are drawn by a 
motor locomotive and discharged on the drying 
field, the rails being shifted sideways as the place 
becomes filled with mounds of peat tipped from 
the trucks. The peat thus deposited is spread out 
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by means of a specially constructed apparatus, 
consisting principally of a frame resting on four 
wheels and of four screens placed between the side 
plates. Of these screens the two foremost have 
a shape something like a snow-plough, the two 
latter being straight. None of these four screens 
quite reaches the ground. The first is placed at a 
somewhat greater distance from the ground than 
the second, the second again than the third, &c. 
The distance between the fourth screen and the 
ground is regulated according to the desired thick- 
ness of the peat. This peat spreader is drawn, by 
means of ropes and electric winches, to and fro, 
over the rows of peat mounds. The first plough- 
shaped screen cuts off the top of the peat mounds 
and begins the operation of spreading, this operation 
being continued by the second and the third screens. 
Any surplus of peat is collected in the space 
between the third and the fourth screen, and in its 
turn deposited where the peat layer is too thin. 

By this process a fairly evenly distributed and 
uniformly thick layer of peat is spread over the 
drying field, and by means of cutters at the back 
of the frame of the spreader the peat is cut in 
strips, which again, by another appliance, are cut 
crossways, whereby the peat is divided into small 
rectangular pieces. The peat is now left exposed 
to sun and wind, and when the upper surface is 
fairly dry the peat squares are turned, in order that 
the other side may get dry. This done, the peat 
squares are gathered in small stacks for further 
drying. When the percentage of water has been 
reduced to some 40 per cent. the peat is ready for 
the pulverising process and is now conveyed by 
Decauville trucks into peat sheds, from whence it 
in turn proceeds to the factory. All the peat likely 
to be wanted is promptly conveyed to the factory, 
where four sheds, each with a capacity of 2,000 
tons, will be erected, the rest of the peat being 
stacked. 

The “ powdering ’’ process comprises three stages, 
viz., crushing, drying and pulverising, or grinding. 
The peat is first carried to a crushing compartment, 
where it passes through a coarse and a fine crusher. 
By means of a screw conveyor the crushed peat is 
brought into the drying ovens, which are heated 
with residue from the pulverising process and 
ordinary air-dried peat. The gases are forced 
through a series of bricked passages, above and 
parallel with each other in the drying oven. Above 
each of these passages and separated from them 
by bottom plates of cast iron, runs a similar passage 
for the peat. This enters the topmost peat passage, 
is forced through this by means of a transporter, 
falls at the ends of this passage into the next, 
and so on. The peat passages are heated by the 
combustion passages underneath them, just referred 
to, the peat on entering the oven being exposed to 
the heat from the hottest gases. 

The dried peat is now transferred to the crushing 
room by means of a screw conveyor, but before 
entering the grinding mill it passes through a sieve, 
8o that the powder already formed during the drying 
process is separated ready for use. From the grind- 
ing compartment the peat powder, by means of 
conveyors, is taken from the factory to a bunker, 
from which it runs down into specially-constructed 
tank trucks, by which it is carried to bunkers 
constructed at convenient places alongside the 
line. 

A tender designed to carry peat has, above the 
water tank, a fairly high receptacle fitted with two 
airtight doors for the filling in of‘the powder. The 
bottom of the peat receptacle is in the shape of a 
stumpy reversed pyramid, so that the powder can 
more easily slide down to the bottom. Through and 
from this proceeds a cast-iron pipe, through which 
passes a smaller iron pipe, ending ina cone, which can 
be moved up and down. Another pipe conveys the 
peat powder to the fire-box of the locomotive. On 
the locomotive there is an air compressor, worked 
by a rotary steam engine of the Hult system. The 
compressed air is passed through the pipe in the 
bottom of the receptacle, the result being a small 
excess pressure in the airtight peat powder receptacle. 
As the feeding of the peat powder is effected by 
means of a rod in the driver’s cabin, the adjusted 
pipe is lowered a little, whereby the peat powder 


falls into the fire-box at a fairly slow speed and 
meets there the current of the combustion gases 
from a small coal fire placed below the inlet pipe. 
The consumption of coal for this fire amounts to 
3 kg. to 4 kg. per 100 kg. of peat powder. So as 
to be able automatically to stir and move the powder 
four branches proceed into the corners of the 
receptacle from the pipe fixed below its bottom, 
and in these branch pipes there is a number of small 
holes, through which the air is blown into and stirs 
the peat powder. 

The tests which have been undertaken with this 
locomotive have shown that about 1.5 kg. of peat 
powder generate the same quantity of steam as 
1 kg. of coal, povided that the respective heating 
values of the * -o kinds of fuel are 7,700 units 
and 12,600 umts. In other words, the heating 
value of peat powder is about two-thirds that of 
coal. 

We are indebted to the bureau engineer, Mr. G. E. 
Rendahl, for these particulars. He distinctly points 
out that this work on the part of the Swedish State 
railways is but one phase in the effort of exploit- 
ing Sweden’s home fuel, more especially the peat 
deposits, and he expresses the hope that the desired 
end may soon be fully attained. 





NOTES. 
Tue Schoop Meta-SprayiIne Process. 
We have on various occasions referred to the 
process by which Mr. V. Schoop, of Zurich, fuses a 
wire of metal and converts the fused drops, by means 
of the blowpipe blast, into a fine spray which settles 
to a coherent coating on any surface it strikes and 
cools sufficiently not to burn paper or celluloid 
when they are to be metallised in this way. We 
described the pistol used for this purpose on page 110 
of our issue of July 30, 1915. Even iron and copper 
have been sprayed by this process, and it has been 
claimed that objects can be coated with alloys like 
brass by simultaneously metallising with copper 
and with zine, without any further heat treatment. 
This latter claim does not seem compatible with 
the rapid cooling of the particles relied upon in the 
case of combustible objects, though some mechanical 
union of the hot small particles seems to be necessary 
to account for the adhesion of the coating. Ex- 
amining the coatings microscopically, H. Arnold 
(Zeitschrift fiir Anorganische Chemie, 99, pages 
67 to 72, 1917) questions the formation of alloys. 
He points out that the drop of fusing metal is, by 
the gas and air current, drawn out into a thread 
which breaks up. Years ago, before the Schoop 
process was spoken of, Messrs. Strange and Graham 
squirted fused lead, zinc and tin and other metals 
in long threads or ribbons, it will be remembered,* 
which found application in the white lead industry 
and as substitutes for the zinc shavings of cyanide 
baths, for instance. Working in the laboratory of 
the Metallisator Company, of Berlin, Arnold finds 
that in the case of aluminium the projected metal 
thread is broken up into small particles which, on 
striking a cold surface, flatten out into splashes 
from 0.01 mm. to 0.15 mm. in diameter, each 
provided with a short tail; the splash shows a 
kind of dendritic texture of the metal. When an 
aluminium coating on iron was etched with alcoholic 
soda, wavy lines could be seen which were not due 
to the superposition of several layers of the metal ; 
when the coating was polished so as to display the 
structure in a plane at right angles to the projection 
ring lines were noticed, marking the outlines of the 
splashes. When zinc was sprayed on glass, to 
which it does not adhere well, irregular crescent- 
shaped splashes were formed, because the metal 
peeled off again in spots and contracted; in the 
case of tin double rings, formed by the union of two 
adjacent rings, were observed, and fine lines were 
noticed in the metal, somewhat as in agate. There 
was no alloying apparently, except perhaps with lead 
and antimony, but not in thin layers of these sprays. 
Zine and copper did not diffuse into one another and 
did not alloy, unless subsequently heated. The 
union seemed to be merely mechanical. Under the 
microscope the sprayed-metal castings could easily 
be distinguished from electrolytic and other coat- 








is forced by the excess pressure into the transport 


pipe and conveyed to the fire-box. The powder 


ings, even when aluminium had been sprayed on 
iron and then rolled in. The photographs illus- 
trating the paper also show the appearance of 
sprayed iron and copper. 


TRIBOLUMINESCENCE. 


Although the phenomena of triboluminescence 
have been known for a century, their explanation 
has made very little progress. When a piece of 
sugar is crushed in the dark a certain luminosity is 
observed. Quartz crystals and crystals of uranium 
nitrate show this triboluminescence still more 
strongly. The first account of observations of this 
peculiarity is generally ascribed to Dessaignes. 
Looking up the literature on the subject, Dr. A. 
Imhof, of Ziirich University, finds, however, a still 
older treatise, of 1820, on the “ Phosphorescence of 
Bodies,” by P. Heinrich. Quite a number of new 
researches have been published in this century ; 
J. Burke first observed that the triboluminescent 
spectrum is continuous. As different investigators 
are by no means in agreement, however, Imhof 
confines himself in his recent paper (Physikalische 
Zeitschrift, February 15, 1917, pages 78 to 91) to a 
tabulation of his own observations, without discuss- 
ing at length the various suggestions made that 
triboluminescent substances should preferably be 
electric insulators, symmetrical and optically active 
compounds, that isomers should behave similarly 
in this respect, &c. He examines a large number 
of inorganic and organic substances, salts and 
minerals, crystallised and amorphous, glass, &c., 
studying in particular so far the minimum size of 
crystal, the colour of the luminosity and the influence 
of temperature. In his experiments he rubs the 
substance in a small glass bottle (with wide neck) 
with the aid of a blunt-pointetl rod of ivory or glass. 
He finds that the minimum size of particle which 
will reveal triboluminescence is 0.001 mm. for 
zine sulphide (calcined, not free from manganese), 
0.02 mm. for willemite, 0.06 mm. for quartz and 
uranium nitrate, 0.14 mm. for sugar, 0.7 mm. for 
white fluorspar, &c. Very fine powders no longer 
show triboluminescence. Sometimes the  tribo- 
luminescence increases when the substance is heated 
(quartz still shows it at faint glow); as a rule it 
becomes more distinct when the substance is cooled 
(down to — 80 deg. C.). At low temperatures the 
colour changes towards the violet, if originally 
yellowish or greenish-blue. Imhof found that when 
heat destroyed the triboluminescence, cooling or 
radio-active radiations restored it. Elementary sub- 
stances did not display the phenomenon; sulphur 
was doubtful, diamond was not tried, we notice. 
Most double alkali sulphates were triboluminescent, 
the chrome-alums excepted. Sodium carbonate 
crystallising with 10 molecules of water was so, the 
same salt with one molecule of water, or amorphous 
without water, was not. Chemically related sub- 
stances generally behave similarly in this respect ; 
but there areexceptions. The light was mostly bluish, 
sometimes yellow or orange, very rarely white or red. 
Phosphorescent substances retained their quality 
when the phosphorescence vanished on heating. 
One fact is rather striking in Imhof’s account. 
There is no allusion to the popular belief that the 
luminescence produced by crushing is due to 
electrification by friction. If that be so, hardness, 
brittleness and dryness of the substance might be 
of more influence than chemical composition, and 
one understands why the hydrated salt should differ 
from the anhydrous salt. Perhaps Imhof will deal 
with this feature in a second paper. 


EMULSIFICATION TEST OF LUBRICATING OILS. 


Lubricating oils are not supposed to wear out 
mechanically by long-continued use; but there is 
very little experimental evidence as to this. 
Chemically, lubricants may be affected by over- 
heating and by the action of impurities like traces 
of acids; but again we have hardly sufficient 
experimental data. The most common trouble 
of lubricants is their tendency to emulsify with the 
water which gains access in some way. Whether or 
not the emulsification directly impairs the lubricat- 
ing power of an oil is again more a matter of 
conjecture than of actual experiment. There is no 
doubt, however, as to the indirect disadvantages of 





* See ENGINEERING, February 5, 1909, page 192. 


having ‘to deal with oil emulsions instead of with 
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oils. To be re-used the oil has to be filtered, and 
the oil emulsion may clog the filter and cause a 
temporary failure of the oil feed, leading to serious 
consequences. On the other hand the oil gets into 
the condensed steam and creates a difficulty in 
the boilers, &c. Hence oils which will not readily 
emulsify are preferred for certain machinery, and 
various emulsification tests have been proposed. 
They are all arbitrary, and an absolute test has not 
so far been devised. In Technologic Paper No. 86 
of the United States Bureau of Standards Mr. 
Winslow H. Herschel describes a type apparatus 
which admits of assessing numerical values. What 
he determines is the demulsibility, i.e., the rate at 
which an emulsion of water and oil will separate 
into its constituents again, the assumption—again 
probably justified, but not proved—being that an 
oil which will readily demulsify will readily have 
emulsified. When observations are made on a 
settling mixture of oil and water it is noticed that 
there appears a meniscus between the emulsion and 
the layer of oil forming above it; this meniscus 
travels downward, and it is the one observed in the 
new test. There is another, less distinct, meniscus 
between the water and the emulsion advancing up- 
ward. After experimenting in various ways Her 
schel performs his test in a cylindrical glass cup, 
26 mm. in diameter, of 100 cub. cm. capacity, into 
which he charges 20 cub. cm. of the oil and 40 cub. 
em. of distilled water (tap water is usually as good) ; 
into the mixture dips a flat copper paddle, 89 mm. 
long, 20 mm. wide, 1.5 mm. thick, which is turned 
by an electric motor above the cup at the rate of 
1,500 r.p.m.; the cup is kept at 55 deg. C. (130 
deg. F.) in a water bath. After agitation for 5 
minutes the mixture is allowed to settle, readings 
being taken at intervals of 1 minute for an hour 
at most. When the mixture has all separated in 
1 minute the demulsibility figure is 1,200 (20 cub. 
cm. and 60 minutes), this being the possible 
maximum. If 10 cub. cm. of oil separate out 
in 15 minutes, the rate would be (60 — 50) x 
60/15 = 40 cub. cm. per hour. The paddle has to be 
wiped with the finger, not to lose oil in the test, and 
there may be difficulties with very dark oils, and with 
drops of oil adhering to the cylinder wall. The rates 
observed depend, moreover, on the speed, time, 
proportion of mixture, temperature, &c., and the 
designers of similar apparatus, and practical men 
may raise various objections before the test can be 
adopted as a standard test. The Bureau communi- 
cated with engineers, and it resulted that new oils 
generally gave high demulsibilities (from 192 
upward in the case of steam-turbine oil, e.g.), and 
old oils lower values (98 maximum, after 10 
months’ use). But the point seems to be that oils 
of lower demulsibility, 41 and less, were frequently 
considered satisfactory after a year’s use, and as 
it is common practice to replenish the oil with oil 
of the same brand—which does not necessarily 
mean the same oil—one does not quite see what 
these tests really signify and achieve, though the 
emulsion tests may be more expeditious and even 
more reliable than the difficult chemical tests. 
Certain adulterations of the oils betray themselves 
in the demulsibility. 





NaTIONAL ASSOCIATION OF INDUSTRIAL CHEMISTS.— 
The Provisional Executive appointed by representative 
chemists employed in Sheffield and district has been for 
some weeks considering the basis, rules and constitution 
for the proposed National Association of Industrial 
Chemists. Its conclusions will shortly be published in 
book form, and every industrial chemist and metallurgist 
of Great Britain and Ireland may at once apply for a 
membership form. About 100 chemists have already 
been declared full members. All communications should 
be addressed to The Propaganda Committee, Bailey- 
street Schoolrooms, Sheffield. 





A Sranparp AEROPLANE EnoGinge.—An interesting 
paragraph is contained in The Iron Age of July 5, to the 
effect that the National Advisory Committee for Aeronau- 
tics, United States, has made the following announce- 
ment: ‘The Aircraft Production Board, realising the 
need for the development of a standard engine in various 
sizes, has succeeded in obtaining the co-operation of two 
of the foremost engine designers in the country, Messrs. 
Vincent and Hall. The fundamental idea of the engine 
is @ unit cylinder, by means of combinations of which any 
desired power may be obtained. It is proposed at first 
. build as in four sizes, of 4, 6, 8 and 12 cylinders, 
the correspondi horse-powers being approximatel 
100, 200, 300 and 400.” Pr .—— 4 





THE RAILWAY PROBLEM. 
No. I—BRITISH —_—— BEFORE THE 


Or the many important questions which will 

have to be settled after the war, one of primary 
importance is that of the future relations of the 
railways to the State, the public, and the traders 
of the country. We believe that the Reconstruction 
Committee has already given some attention to the 
matter, and we may recall that in October last in 
the House of Commons a member was informed 
that “the question of the relations between the 
State and the railways after the war is not being 
overlooked.” 
. Engineering firms are greatly concerned in the 
railway problem, and therefore we propose to devote 
some attention to it. To enable the future to be 
gauged with any degree of probability it is necessary 
to examine. the position of affairs before the war, 
and to ascertain the most important developments 
since that memorable August 4, 1914, when it was 
announced that an Order in Council had been made 
under the Regulation of the Forces Act, 1871, 
declaring that it was expedient that the Govern- 
ment should have control over the railways in 
Great Britain. 

The year 1913 was a prosperous one for British 
railways. On the one hand traffic receipts were 
high, and on the other, although expenditure had 
swollen considerably in consequence of concessions 
to the staff, there was a growing tendency to abolish 
wasteful competition and to adopt improved 
methods of operation, thereby effecting economies. 
The result was that the net receipts for the year 
1913 were greater than they had ever been in the 
history of railways. Before giving the figures we 
may recall that the year 1913 was also exceptional 
as marking the commencement of a new method 
of compiling railway companies’ accounts. On 
January 1, 1913, a new Act—The Railway Com- 
panies’ (Accounts and Returns) Act, 1911—came 
into force, whereby each railway company in the 
United Kingdom was required to furnish to the 
Board of Trade annual accounts and statistical 
returns in accordance with forms set out in the 
first schedule to the Act. This change included 
a very considerable expansion of the accounts of 
revenue receipts and expenditure, separate figures 
being given in respect of the railway proper and for 
each subsidiary undertaking, such as steamboats ; 
canals; docks, harbours and wharves; hotels, 
refreshment rooms and dining cars; and other 
separate businesses. The effect of the change was 
that the published figures for the year 1913 were not 
properly comparable with those for previous years. 
But the principal items may be contrasted, and we 
give the following figures for the decade 1904— 
1913 :— 























Gross Percentage 
Receipts Working of Net 
Year. from all Expenditure. Gross Receipts. 
Sources. Receipts. 
£ £ Per cent. £ 
1904 111,833,272 | 69,172,531 62 42,660,741 
1905 . 113,531,019 | 70,064,663 62 43,466,356 
1906 . 117,227,931 72,781,854 62 44,446,077 
1907 ..| 121,548,923 | 76,609,194 63 44,939,729 
1908 . 119,894,327 76,407,801 64 43,486,526 
1909 120,174,052 75,037,588 62 45,136,464 
1910 123,925,565 | 76,369,676 62 47,355,889 
1911 127,199,570 78,617,824 62 48,581,746 
1912 128,553,417 | 81,224,343 63 47,329,074 
1913 139,451,000 | 87,320,000 62.62 52,131,000 
After making due allowance for the change in 


accountancy, it is clear that the growth of net 
receipts in the year 1913 was extraordinary. More- 
over, the new form of accounts brought out the fact 
that the railways were making substantial appro- 
priations to reserve and other special purposes, and 
generally that their financial position was sound, 
especially in the case of the larger companies. To 
this point we shall again refer in considering the 
question of railways after the war: for the moment 
we merely desire to say that while much maintenance 
and renewal work has had to be deferred in conse- 
quence of the war, the necessary appropriations and 
provisions from revenue are being set aside for 
expenditure when circumstances are propitious. 
But the year 1913 was noteworthy for other 





important reasons, and there were many problems 
confronting the railways. The most important 
was that of labour, while next to it was the growth 
of criticism by traders and others, largely due to 
the fact that railway companies were “ getting 
together’ in more ways than one to minimise com- 
petition, increase receipts, and decrease wasteful 
expenditure. As regards labour questions, the 
growing power of trade unionism and consequent 
demands for improved conditions of service date 
from the year 1907. Following upon a period of 
extreme agitation in support of the “ All-grades 
programme,” the present Prime Minister, as 
President of the Board of Trade, had succeeded in 
bringing about a settlement by the establishment of 
Conciliation Boards. Matters remained fairly quiet 
during the next three years, but agitation and 
discontent broke out afresh in 1911, and in August 
of that year there was a general strike of railwaymen. 
We are not here concerned with the cause of that 
strike, but the terms of settlement provided for two 
things: the Government undertook to appoint a 
Royal Commission to investigate the working of the 
conciliation scheme, and promised to “ propose to 
Parliament next session legislation providing that an 
increase in the cost of labour due to an improve- 
ment of conditions for the staff would be a valid 
justification for a reasonable general increase of 
charges within the legal maxima if challenged under 
the Act of 1894.” 

The Royal Commission revised the conciliation 
scheme, and after some negotiations it was accepted 
by all parties. Very extensive betterments of 
service conditions were granted to the men in the 
autumn of 1911 and during 1912. But the year 
1914 was apparently to be the commencement of 
another period of unrest. The conciliation scheme 
was to remain in operation until November 6, 1914, 
and thereafter be subject to determination as regards 
any company by twelve months’ notice given by 
the company or by a majority of the aggregate 
representatives of employees on all the Conciliation 
Boards for each company’s system. It followed, 
therefore, that the earliest date on which notice to 
determine the scheme could be given was November, 
1913, and very shortly after that date the railway 
companies were notified of the men’s desire to ter- 
minate it. At the same time it was intimated that 
the unions wished to negotiate a revised scheme, 
and meetings with that object in view were held in 
June and July, 1914, between representatives of the 
railway companies and of the National Union of 
Railwaymen and the Associated Society of Loco- 
motive Engineers and Firemen. These negotiations 
were interrupted by the war. What the men had 
in view is apparent from the terms of the programme 
which it was intended to bring before the new 
conciliation boards on the termination of the 
various settlements early in the year 1915. The 
chief features were: (1) An eight-hours’ day or a 
48-hours’ week for all railwaymen ; (2) a guaranteed 
working day and week, independent of Sunday duty ; 
(3) an immediate increase of 5s. a week on the 
minimum and maximum rates and on the bonus 
and piece rates for every grade in the service ; 
(4) absolute and complete recognition of the union 
in any future conciliation scheme. Had these 
demands been conceded by the railways the addition 
to their wages bill would have been not Jess than 
16,000,0001. per annum. The war caused the 
“programme ” to be held in abeyance, and it—or 
a new one——presumably represents an after-the-war 
problem. What has now to be remembered is that 
at the time war broke out the railways were faced 
with the most extreme demands that had ever been 
made by or on behalf of their employees, and that 
the machinery for negotiating conditions of service, 
viz., the conciliation scheme, was in process of 
negotiation, although there was at the time every 
reason to believe that the basis of a new scheme had 
been agreed. As we shall show later, this is 
substantially the position as it now exists. 

As regards railways and the State, and railways, 
the public and the traders, there were before the 
war a variety of questions outstanding. In the 
year 1908 Mr. Lloyd George, as President of the 
Board of Trade, arranged what was known as a 
Railway Conference. It was constituted without 
any rigid terms of reference, with the object of 
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reviewing some of the more important questions 
that had from time to time been raised between the 
railway companies on the one hand and the traders 
and general public on the other. The subjects 
discussed included questions connected with the 
acquisition and holding of land by railway com- 
panies, increase of railway rates, owner’s risk 
conditions, the machinery for the settlement of 
disputes between railway companies and traders, 
and the desirability of forming an Advisory Com- 
mittee on railway matters. Sub-committees of 
the Conference discussed matters arising in con- 
nection with railway working agreements and 
amalgamations, and special points affecting railway 
charges and facilities, including the Carriers Act, 
dangerous goods, private sidings, private owners’ 
wagons, detention of trucks, &c. Certain of the 
recommendations were given effect to, but in the 
main they required the authority of Parliament. 
Meanwhile, however, another committee had been 
appointed. This time it was a Departmental 
Committee arranged by Mr. Winston Churchill, 
who had succeeded Mr. Lloyd George as President 
of the Board of Trade. The terms of reference 
were: “To consider and report as soon as practic- 
able what changes, if any, are expedient in the law 
relating to agreements among railway companies, 
and what, if any, general provisions ought to be 
embodied for the purpose of safeguarding the 
various interests affected in future Acts of Parlia- 
ment authorising railway amalgamations or working 
unions.” The appointment of this committee was 
due to the magnitude of proposals that had been 
made openly or arranged by agreement for. amalga- 
mation of railway interests. The most far-reaching 
of these was the scheme of fusion of the Great 
Central, Great Eastern and Great Northern Railways 
——-a project which, failing approval by Parliament, 
has been largely effected by mutual agreement. 
Other arrangements of the kind are the pooling 
agreements between the Lancashire and Yorkshire, 
London and North-Western and Midland Companies, 
and between the Great Western and London and 
South-Western Companies. The policy of Parlia- 
ment practically throughout last century was to 
encourage competition, but without avail. To quote 
an admirable summary of the situation from the 
report of the Select Committee of 1872: ‘‘ Com- 
mittees and Commissions carefully chosen have for 
the last thirty years clung to one form of competition 
after another; it has nevertheless become more 
and more evident that competition must fail to do 
for railways what it does for ordinary trade, and 
no means have yet been devised by which competi- 
tion can be permanently maintained. In spite of 
the recommendations of these authorities, com- 
bination and amalgamation have proceeded at the 
instance of the companies without check, and almost 
without regulation. United systems now exist, 
constituting, by their magnitude and by their 
exclusive possession of whole districts, monopolies 
to which the earlier authorities would have been 
most strongly opposed. Nor is there any reason 
to suppose that the progress of combination has 
ceased, or that it will cease until Great Britain is 
divided between a small number of great com- 
panies.”” This statement was as true in the ‘nineties 
as in the ’seventies—but within the last decade 
there has arisen a determination to secure that, 
side by. side with combination of railways, the 
interests of traders shall be safeguarded. 

The Departmental Committee on Railway Agree- 
ments and Amalgamations reported in 1911. But 
before its recommendations could be given effect 
to there occurred the strike of railway employees 
to which we have already referred, and the conse- 
quent pledge of the Government to authorise the 
acceptance of an increase in the cost of labour due 
to improvement of conditions of the staff as a valid 
justificatio® for a reasonable general increase of 
charges. The Government proceeded to give 
effect to this pledge, but in the same Bill—the 
Railways Bill of 1912—they proposed also to give 
effect to certain of the recommendations of the 
Board of Trade Railway Conference, and of the 
Committee on Railway Agreements and Amalgama- 
tions. For example, any diminution or withdrawal 
of a facility or service, and any charge for a facility 


to be deemed to be an increase of rate, to be justified 
if challenged under the Railway and Canal Traffic 
Act of 1894. On the other hand, if a rate were 
reduced experimentally, and the railway regarded it 
as not justified by results, and consequently partly 
or wholly restored the former figure, the burden of 
proof was to be removed from the railway company 
to the complainant. Other clauses were to empower 
the Board of Trade to alter the statutory classifi- 
cation of merchandise traffic for maximum rates 
where the circumstances affecting the articles had 
radically altered since the classification was made ; 
for imposing on railway companies liability for loss 
or damage not due to insufficient packing where 
goods are carried only at owner’s risk if insufficiently 
packed ; and for requiring a separate statement of 
cartage rebates in rate books. Then there was an 
important provision, based on the report of the 
Committee on Railway Agreements and Amalga- 
mations, to enable railway companies to enter into 
agreements for the maintenance and working of 
their lines and the apportionment of receipts ; 
but railways worked by one company were to be 
counted as one for the purpose of calculating 
maximum charges, the effect being to reduce the 
maximum rates on traffic passing over more than 
one of the lines. All working and other agreements 
were to be made public. 

This Bill met with strong opposition, the railway 
companies contending that it more than took away 
with one hand what it gave with the other. 
Ultimately it was withdrawn, and in the following 
session of Parliament (1913) a one-clause Bill 
(Railways No. 2) was introduced and passed. It 
was admittedly an unpopular measure, but was 
eventually accepted on the ground that the Govern- 
ment pledge of August, 1911, was one that could not 
honourably be left unfulfilled. The resultant Act—— 
Railway and Canal Traffic Act, 1913—provided 
that any increase of rate within maxima must be 
upheld by the Railway and Canal Commissioners 
on proof by the railway that there had been a rise 
in the cost of working resulting from improvements 
made since August 19, 1911, in the conditions of 
employment of their staff; that the whole of the 
particular increase is part of an increase of rates 
for the purpose of meeting such increased cost ; 
that the increase is not greater than is reasonably 
required for the purpose, and that the proportion of 
the increase allocated to the particular traffic as to 
which complaint is made is not unreasonable. 
The railways had already increased their goods 
rates by 4 per cent., and had made other changes, 
including. an increase in the charges for season 
tickets, and many complaints were made to the 
Railway and Canal Commissioners. At least one 
of these, viz., the Associated Portland Cement 
Manufacturers versus the Great Northern Railway, 
has since been heard, and the increase of rates 
sanctioned. 

The general result of the failure of the Railways 
Bill of 1912, the passing of the single-clause Bill 
of 1913, the increase of rates, the tightening up 
of their arrangements by railway companies, and 
the progress of working agreements and under- 
standings, was to focus upon the companies a 
large amount of criticism, and in November, 1913, 
a Royal Commission on Railways was appointed. 
Lord Loreburn, G.C.M.G., was chairman, and the 
terms of reference were: ‘To inquire into the 
relationship between the railway companies of 
Great Britain and the State in respect of matters 
other than safety of working and conditions of 
employment, and to report what changes, if any, are 
desirable in that relationship.” The then President 
of the Board of Trade, speaking at Leicester on 
October 23, 1913, said: ‘*My experience at the 
Board of Trade has continually and continuously 
confirmed the view that all is not well between the 
railways and the traders and the community. My 
experience in connection with the two Railway Bills 
was significant of the friction which exists, and 
which tends to increase rather than to abate. At 
the same time the great extension of amalgamations 
and working agreements has altered the whole 
position as regards competition and monopoly, and 
the position of the railways in reference to the 


able to deal with every aspect of the problem of the 
relations between the railways and the community.” 
The proceedings of the Royal Commission were 
interrupted by the war and, presumably, will not 
be resumed while hostilities are in progress. 

To sum up the pre-war railway position of affairs, 
we may safely claim that while the railways were 
enjoying a period of unexampled prosperity, judged 
from the standpoint of traffic and revenue in the 
year 1913, they were faced with very extensive 
demands from their employees, while freighters 
were by no means in a, contented or complacent 
frame of mind. The conciliation scheme for settling 
employees’ wages, hours and conditions of service 
was ‘in the melting-pot,” there were a variety of 
recommendations by the Board of Trade Conference 
and various committees awaiting legislative accept- 
ance ; while the whole question of railways in their 
relation to the State, the public and the traders was 
under consideration by a Royal Commission. 





TUNGSTEN ORES. 

Tue word tungsten is Swedish and signifies “ heavy 
stone.” The ores are somewhat widely distributed 
in nature, and concentration into commercial deposits 
has occurred in many places; but they are irregular, 
they lack continuity, and are in many localities soon 
exhausted. Unfortunately, so far.no really large 
deposit has been found which would ensure a con- 
tinuously steady supply to the market. There are 
only a limi number of tungsten ores mined— 
wolframite and ferberite, scheelite and hubnerite ; 
all heavy, ranging from 6 to 7 in specific gravity, with 
a hardness of 4.5 to 5.5; none of them has a distinctly 
metallic lustre. Not many years ago these ores were 
thrown away, now they are sought for on account of 
their tungsten. 

Wolframite is composed of tungsten, iron, manganese 
and oxygen, or tungstate of iron and manganese. The 
mineral is frequently associated with tin ores and with 
quartz, pyrite, scheelite, sphelerite and others. It 
occurs in various forms—massive, tabular, as prismatic 
crystals and granular. In colour it is black or greyish- 
black ; its lustre is sub-metallic ; the streak is deep 
brown to almost black ; the cleavage is perfect and the 
fracture uneven. Its hardness is 5 to 5.5; specific 
gravity, 7.2 to 7.5. Wolframite fuses readily to a 
magnetic globule and somewhat resembles magnetite, 
being slightly magnetic before being fused. Magnetite 
is somewhat lighter and gives a black streak; it is 
extremely magnetic before being heated, and has a 
distinct metallic lustre. 

Wolframite may be considered more in the nature of 
a basic phase of the refractory siliceous ores than 
as a separate and distinct deposit, for it always occurs 
in connection with them. Occasionally it may form 
a ring round the outer edge of the siliceous ore shoots, 
frequently extending inward and upward, so as to form 
a thin capping to them. It thus appears as a sort of 
envelope to the siliceous ore mass, which it practically 
encloses on all except the lower side. Margins of this 
description are frequently from 2 ft. to 24 ft. thick, 
but the capping portion is generally thinner. In many 
localities wolframite occurs in irregular masses scattered 
through the siliceous ore, or in stringers, or thin con- 
torted layers in the silicified rock. It may occasionally 
be kidney-shaped, or may form lenticular masses in the 
country rock. 

Scheelite is composed of calcium, tungsten and oxy- 
gen, or calcium tungstate. It is found associated with 
free-milling quartz in granites and slates, also with 
fluorite, apatite, &c. It is generally found massive, 
columnar, or reniform or kidney-shaped. Its colour 
varies ; it occurs white, yellowish-white, pale yellow, 
brown and reddish. The lustre is vitreous, the streak 
white, with a good cleavage and an uneven fracture. The 
hardness ranges from 4.5 to 5; the specific gravity is 
5.9 to 6.1; it is brittle and practically infusible by 
ordinary methods. Hydrochloric acid decomposes 
scheelite, leaving a yellow powder. In appearance it 
somewhat resembles orthoclase, but it may be readily 
distinguished from it by its solubility and specific 
gravity; It also resembles a few carbonates and sul- 
phates, but it may be distinguished from the carbonates 
by not effervescing in acids, from the sulphates by not 
turning a silver coin black after it has been heated, 
moistened and placed on one. 

Hubnerite is composed of tungsten, manganese 
and oxygen, it is also known as tungstate of man- 
ganese. It occurs with scheelite in veins, with quartz, 
fluorite, apatite, &c. The colour is brown, or 
brownish-red to brownish-black; lustre resinous to 
semi-metallic ; the streak is brownish-yellow. It has 
a good cleavage, its hardness is 5 to 5.5; the specific 
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or resinous lustre possess such high specific gravity ; 
that is one of the best clues to its determination. 

There is probably no mineral commercially valuable 
which takes so many forms, differing so radically in 
appearance, as the ores of tungsten. To all except the 
expert there is no connection except the unusual weight, 
between the black ferberite and the light-coloured and 
not infrequently white scheelite. Tungsten ores may 
occur in rocks of the most varied character—in quartz 
veins, in granite, or some of its modifications, also in 
pegmatite dikes, in ryolite, limestones and shales. 

Tungsten ores are as a rule very brittle; they can*be 
crushed to }in. and then jigged, or screened through 
a 20 or 30 mesh screen, when nearly all the mineral can 
be saved. Owing to that and its high specific gravity 
it is possible to obtain a marketable product with hand 
appliances. Tungsten ores slime badly. Many gold 
mines should be looked over for tungsten minerals, as 
some of them may be profitably worked for tungsten 
which do not pay when worked for gold ; in some cases 
a profit may be obtained from both metals. There 
appears to be occasionally an inverse ratio between the 
gold and the tungsten, when the latter content of the 
vein becomes low, the former may increase. 

Europe.—Tungsten ores occur in many European 
countries, including Portugal, Spain, Great Britain, 
France and Italy. The largest output is obtained from 
Portuguese mines, second only to those of the United 
States. The ores occur mainly in the north of Portugal 
and in those portions of Spain bounding Portugal on 
the north and north-east sides. The Portuguese mines 
are situated in the province of Beira Baja, a few miles 
from the town of Silvares, not far from the Spanish 
frontier. The ores from many of the mines are con- 
veyed to the coast and placed on board ship at Oporto. 
Wolframite ores occur in the Spanish provinces of 
Pontevedra, Coruna, Orense, Salamanca and Caceres. 
A lower grade of ore is also found in small quantities in 
the province of Cordoba. Exportation of wolframite 
ore commenced about 1903; there were difficulties in 
developing the industry, arising from the mountainous 
character of the country, the distance of the mines 
from the railroads, and the heavy expense of trans- 
porting machinery and fuel. Both the Portuguese and 
the Spanish ores are of high-grade quality, the analyses 
of the ores frequently average 60 and even more per 
cent. In the form of concentrates the average may be 
as high as 70 per cent. The wolframite from the 
provinces of Salamanca and Caceres is combined with 
arsenical pyrites. In some of the mines the two 
minerals have been found so thoroughly mixed that 
the arsenic may have to be burnt out to render the 
wolframite marketable. In other mines the arsenic 
is found separate from the wolframite ; whilst in the 
provinces of Pontevedra, Coruna and Orense no 
arsenic occurs, the wolframite ores being mixed with 
tin. Up to the close of the last peace year, 1913, the 
British output of tungsten ore was a very small one, 
and as follows :— 


Tons. Tons. Tons. 
1013 ... 2317 1010... 301 1907 ... 406 
1912 ... 196 1909 ... 414 1906 ... 342 
191] ... 270 1908... 294 1905... 216 


For 1915 the British output of tungsten ore was 
331 tons, distributed as follows :— 

Cornwall, 310 tons, 68 per cent. metal ; Devonshire, 
8 tons, 6 cwt. ; and Cumberland, 13 tons. 

During the war years 1915-1916 we have imported 
tungsten ores from the colonies and have treated them 
in works provided for that purpose. (See page 509 of 
our issue of November 24, 1916.) 

The United States.—The output of tungsten ore in 
the United States is the largest in the world, and has 
been as follows during recent years in short tons 
(2,000 Ib.) :— 





Tons. £ 


Tons. e.4 Tons. £ 
1900 48 | 2,300 1906, 928 | 72,680 1912 1,290 102,500 
1901' 179 | 5,775 |1907, 1,640 | 195,426 1913 1,525 133,437 
1902, 184 | 7,091 |1908) 671 47,907 1914 
1903 292 | 9,901 |1909| 1,619 | 127,993 1915 2,165 416,666 
1904 740 38,333 |1910 1,821 | 173,540 1916 3,200 1,898,000 
1905 803 55,974 1911 1,139 84,996 (estim ate) 








The production of tungsten ores in the United States 
fell off during 1914, in consequence of the steel works 
not requiring the usual quantity of ferro-tungsten. In 
comparison the demand and production during 1916 
exceeded that of any previous year. For the first half of 
the year the output was approximately 1,600 short tons 
of concentrates, carrying 60 per cent. WO,. For the 
whole year the output may have reached over 3,000 
tons. Prices were at more than ten times their ordinary 
level. Ores are obtained from Colorado, California, 
Nevada, Arizona, and in small quantities from Alaska, 
Connecticut, Idaho, Missouri, New Mexico, South 
Dakota and Washington. In most other countries 
the prevailing mineral is wolframite ; no other country 
can compete with the United States in the quantity of 
ferberite and scheelite produced; during 1916 the 
quantities were approximately as follow :— 





Tons. Tons. 
Ferberite 1,490 Wolframite 200 
Scheelite 1,400 Hubnerite 185 


In addition well over 2,000 tons were imported, mainly 
from Peru, Bolivia, Argentina, Brazil and Mexico, as 
the British embargo on the shipment of tungsten ores 
from every part of the Empire cut off all supplies from 
Burma, Australia and New Zealand. 

The production of marketable concentrates of 
tungsten ores and tungstic acid in the United States 
is being increased to the utmost extent to meet the 
large demand, but it is realised that when peace is 
restored large foreign sources of supply, which are now 
cut off by the exigencies of war, will compete in the 
American market and tend to lower prices, foreign ores 
being cheaper than American. An effort is therefore 
being made to influence Congress to fix an import duty 
on tungsten ores and tungstic acid, so as to protect 
American enterprise and producers against the output 
of foreign mines, which are operated at a much lower 
cost, especially as regards labour. 

The high price of tungsten has suggested to experts 
that ferro-molybdenum could be used as a substitute 
for ferro-tungsten. The tungsten belt of Colorado lies in 
Boulder county, near the Rollins pass. The country is 
well supplied with timber suitable for mining purposes ; 
several railroads are within reach. The ore is a wolf- 
ramite ; a tungstite is also found carrying free sulphides 
of iron. Tungsten deposits were discovered in 1913 
in California, a few miles west of Bishop Inyo county, 
but they were not worked until the summer of 1916. 
Outcrops of scheelite have been discovered at intervals 
over 15 miles of country. The ore is associated with 
garnet, epidote and quartz. The association of 
tungsten-bearing minerals with garnet is of great 
assistance to prospectors. In Nevada scheelite ore 
is being mined 22 miles south-west of Lovelock; the 
ore occurs as a deposit in garnetised limestone, at a 
contact with granite. Tungsten deposits have been 
known to exist since 1908 near Calabasas, Arizona, a 
station on the Nogales branch of the Southern Pacific 
Railway. In the Whetstone Mountains in Cochise 
county, Arizona, an unusual and interesting variety of 
wolframite occurs in the form of tungstate of manganese 
and iron. This mineral is found in a light-coloured 
granite, intrusive in mica-schist and limestone, near 
the line of contact. 

Canada.—Scheelite occurs in Halifax county, Nova 
Scotia, Quebec and Ontario. Hubnerite is found in 
Cape Breton, and both wolframite and scheelite occur 
in the Kootenay district of British Columbia. The 
Nova Scotia tungsten veins are of the interbedded type, 
occurring in thin bands of slate between beds of quart- 
zite. This scheelite is honey-yellow to pale reddish-brown 
in colour, coarsely crystalline, with distinct cleavage. 

South America. — Tungsten ores occur in Bolivia, 
Peru, and the Argentine Republic, and are known to 
exist in Brazil. In Bolivia the principal deposits are in 
the provinces of Caluyo, Inquisivi and South Yungas ; 
but the mineral is widely distributed in many localities. 
All three tungstates occur—wolframite, an _ iron- 
manganese tungstate ; scheelite, the calcium tungstate ; 
and hubnerite, a manganese tungstate. These ores 
carry from 20 per cent. to 50 per cent. of metallic 
tungsten. Many of the deposits are at a great height 
above sea-level, ranging from 13,500 ft. to 16,500 ft. 
So recently as 1910 about one-fifth of the world’s 
production of wolfram was mined in the Argentine 
Republic ; this wolframite is a tungstate of iron and 
manganese, ranging from 65 per cent. to 75 per cent. 
of pure wolfram. Deposits occur in the provinces of 
San Luis and Cordoba. The Hansa mines in the 
Argentine Republic can produce about 50 to 60 tons 
of tungsten ore per month. The total Argentine 
exports of tungsten ore from 1909 to 1913 inclusive 
amounted to 3,320 tons, an annual average of 664 
tons. During the war year 1915 the total quantity 
exported was 158 tons, of which 135 tons went to the 
United States. During 1916 probably the whole of the 
output exported went to the States. 

Peru.—Deposits of wolframite are being developed 
in the Conchucos district of the department of Ancash 
and La Libertad, discovered in 1910. The crystals 
have been described as being exceptionally pure, some 
assaying up to 72 per cent. tungstic acid. There is said 
to be very little iron or manganese and no tin in the 
ore. Other deposits have been found near Lircay, 
province of Angaraes, in the department of Huan- 
cavelica. Some of these ores contain 3 per cent. of 
tungsten trioxide, 25 per cent. of copper, and a con- 
siderable percentage of silver. The output includes 
hubnerite-tungstate of manganese, with 64 per cent. 
of tungstic acid, and wolframite ores, the concentrates 
containing from 64 per cent. to 68 per cent. of tungsten 
trioxide. 

Asia.—Tungsten ore deposits are very widely dis- 
tributed and: are being worked in a large number of 
localities, including the Malay States, Burma, India, 
Japan, Korea, the Dutch East Indies, Indo-China and 
Siam. Tungsten is not found in defined deposits in 





the Malay Peninsula ; the greater quantity is obtained 
in small quantities irregularly intermixed with tin ore 
and valueless material. Recent exports have been as 
follow :—1915, 291 tons; 1914, 261 tons; 1913, 
225 tons. Most of this ore contained less than 65 per 
cent. tungstic acid. During 1915 407 tons were im- 
ported, and after treatment at separating’ works in 
the States re-exported. A limited quantity of wolfram 
is extracted from tin ores treated in the important tin- 
smelting works in the colony. Ores of tungsten have 
been discovered practically all over the Tavoy and Mergui 
districts, in Burma, also all along the coastal districts 
of southern Burma. The ores also contain tin, but 
wolframite is the main object sought for ; the cassiterite 
is treated as a by-product, but occasionally the tin 
ore forms the larger percentage of the deposits. The 
first trial specimens of wolfram were shipped from this 
locality so recently as 1908, and in 1914 Burma 
produced 2,326 tons of tungsten ore, out of a total 
world’s consumption of about 9,000 tons. 

An important stage in the development of the 
wolfram industry of Burma was reached towards the 
end of 1916, when an electro-magnetic separator was 
installed at Tavoy. By means of this machine wolfram 
can be separated from magnetic ilmenite and monazite 
in mixed concentrates, leaving the non-magnetic tin 
ore and sand to pass over into a separate compartment. 

Japan.—The output of tungsten ore in Japan is 
rapidly increasing. During 1915 the quantity exported 
exceeded 400 tons; for 1916 the output may be 
estimated at 1,300 tons. An exceedingly rich vein 
of ore was, it has been reported, recently discovered 
in a long range of hills in the Yamaguchi prefecture, 
which according to investigations made by Govern- 
ment experts has been described as the largest as yet 
found in the East, the ore being of excellent quality. 
The demand for tungsten has induced capitalists to 
open out and work deposits known to exist in Korea ; 
the production is estimated to be 50 tons to 60 tons 
per month. 

Australasia.—The leading tungsten ores, wolfram 
and scheelite, exist in considerable quantities in Aus- 
tralia, and many large deposits are known and mined 
in New South Wales, Queensland, South and Western 
Australia, the Northern Territory, Tasmania and New 
Zealand. In New South Wales wolfram and tin-stone 
are found associated in numerous localities, but up 
to some years ago it was frequently found impossible to 
treat the two minerals at a profit when they occurred 
in equal proportions, as their specific gravity is so 
nearly similar that they could not be separated by 
ordinary mechanical appliances. The difficulty has 
been overcome by passing the pulverised and dried 
ore under the poles of powerful electro magnets, the 
wolfram being sufficiently magnetic to be extracted and 
separated from the tin-stone. In the Northern 
Territory numerous well-defined wolfram reefs and 
es anny a 1 in. to 4 ft. in width have been located. 
In a number of instances the outcrops have been traced 
for half a mile. The Tasmanian ore is a wolfram and 
the New Zealand mainly a scheelite. 

The selling value of tungsten is generally based on 
a percentage of pure ore or metal, say 50 per cent,, 
the unit being 1 per cent. The term “unit” must 
be, however, used with care, or it may be misleading ; 
thus 6/. 5s. per unit for tungsten ore by commercial 
usage would only be applicable to ore or concentrates 
carrying 60 per cent. WO, (tungstic acid), it would not 
apply to lower grades, such as 5-10 per cent. or 20 per 
cent. WO, ores. The iron tungstates (ferberite and 
wolframite) range in extra high grade to over 70 per 
cent. WO, content. Where manganese is present 
(hubnerite) in appreciable quantities the WO, content 
is reduced in proportion to the manganese increment. 
The calcium tungstate (scheelite) may run as high as 
80 per cent. WO,. For grades lower than 60 per cent. 
a graduated scale is occasionally used, setting forth 
the price unit for each per cent. content from 1 per 
cent. to 60 per cent. Thus when ore is selling at 21. 
per unit it would be :— 


60 percent. — 2/. 0s. per unit = 1201. per ton. 
50 . o9 — l, 14s. - 9 = 65. ,, 
40 os — ll. 108. o = 601. ,, 
30.) os — ll. 68. o» = 30. ,, 
20s — WW, 2s. - = 221. ,, 
19. — Ol, 188. o «= ls 
S ws — Ol. 168. » = @. 4, 
During 1916 prices rose to such an abnormal level 


that the schedule system was practically in abeyance. 
Prices during recent years have varied as follow :— 
1912.—During the spring the price per unit was 
11. lle. 3d., and it then fell to 11. Os. 10d., continuing 
at that level until December, when it rose to 11. 3s. 9d. 
1913.—During the spring of the last complete 
year the price per unit remained at lI. 3s. 9d., it then 
rose and Sten the autumn was ll. 6s. 8d., and con- 
tinued at that price throughout the remainder of the 


r. 
1914.—From January to August the price per unit 
was 11, 28. 6d. ! 
1915.—The price per unit rose during the year, in 
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the autumn it was 2/. 15s., and during the winter 
the increase continued. 

1916.—There was a phenomenal rise in the United 
States, due to enormous demand and limited supply ; 
in February the price per unit for 60 per cent. ore was 
111. 178. 6d.; in March, 171. 14s. 2d. to 181. 15s. In 
April it was 171. 3s. 9d. for 60 per cent. ore ; 101. 5s. 4d. 
for 25 per cent., and 91. 3s. 4d. for 10 per cent. ore. 
During October and November the prices ranged from 
31. 2s. 6d. to 31. 10s. 10d., a remarkable contrast to the 
spring quotations. 





COLONIAL ENGINEERING PROJECTS. 
We give below a few particulars, taken from The 
Board of Trade Journal, concerning several colonial 
engineering projects. Further information concerning 
these can be obtained from the Department of Com- 
mercial Intelligence, 73, Basinghall-street, E.C. 2. 


South Africa.—H.M. Trade Commissioner in South 
Africa reports, under date May 15, that he has recently 
visited various towns in the eastern portion of the 
Cape Province, and has been informed that considerable 
developments are pending in connection with water 
supply and sanitation in the localities mentioned below. 
Queenstown has a good water supply, and has recently 
installed a sewage disposal plant. A large part of the 
town is now sewered, and domestic: installations are 
replacing the bucket system. King William’s Town 
has ample water, but is deferring outlay on sewerage 
until after the war. Grahamstown is somewhat un- 
fortunately situated. The town has hitherto depended 
on certain reservoirs, liberally supplemented by domestic 
rain-water tanks. The rainfall over the town’s catch- 
ment area during the last three years has been very 
short, and if it had not been for rain-water supplies from 
their own tanks, the position of householders and of 
educational and other institutions would have been very 
grave. Of additional catchment areas available, none 
are really suitable for impounding water, but experts 
have been called in to advise as to obtaining supplies 
for the locality. The health authorities at Port Elizabeth 
have recently called attention to the urgent need for a 
thorough overhaul of both water supply and sanitary 
facilities, as in several towns in the district the water 
supply system combines irrigation of the surrounding 
lands with the provision of water for domestic and other 
urban use. At present there is only a bucket sanitary 
system in use in the locality. Outdshoorn water supply 
is good, though not sufficient to make a water-borne 
sewerage system possible. Here also local landowners 
have a claim for irrigation water. A comprehensive 
irrigation scheme is in contemplation in an adjacent 
district and this is likely to lead to extensive modifica- 
tions of existing arrangements. East London (including 
the suburb of Cambridge): The municipal authorities 
have decided that a pumping scheme to obtain additional 
water from the Buffalo River is the only financially 
possible means of augmenting the water supply of their 
district. It is stated that when an efficient water supply 
has been obtained, a water-borne sewerage scheme will 
follow. According to the report of the city engineer, 
it is proposed to establish a new pumping station on the 
Buffalo River, at a point about 3 miles above the city’s 
present pumping station. The station would be equipped 
with a modern plant, including a ram pump cpaiie of 
raising 2,304,000 gallons of water per day of 24 hours. 
The water would be delivered through a 15-in. cast-iron 
main, 7,200 ft. long, to a pro new impounding 
reservoir, the site of which is regarded as suitable as, 
generally speaking, rock has been reached at 4 ft. to 5 ft. 
below the surface. The capacity of the reservoir when 
full would be, 254,368,940 gallons. As the water from 
the Buffalo River is often turbid, a settling tank, with 
a capacity of 1,000,000 gallons would be provided. 
Provision would be made for three filters, to deal with 
1,250,000 gallons per day. ‘Two service reservoirs have 
been provided for in the scheme, each 200 ft. by 110 ft. 
by 12 ft. deep, the combined capacity of which would be 
3,000,000 gallons. A new 12-in. cast-iron main, 6 miles 
long, would be required to connect the new reservoir 
with East London. New 15-in. mains connecting the old 
pumping station with the new reservoir, and the new 
station with the old reservoir, would be required in 
connection with the schems. Reticulation of new mains 
for supplying various districts and the wharves at East 
London is provided for in the scheme. It is suggested 
that when tenders are called for, alternative figures 
should be obtained for operating the pumping plant by 
(a) steam power, and (b) electricity. The cost of the 
whole of the works comprised in the scheme is estimated 
at (a) with steam-pumping plant, 148,2811. ; and (6) with 
electrically-driven plant, 134,347/. 





Rertnrorcep Concrete Surps.—A San Francisco 
paper mentioned in a@ recent ‘ssue, says The Marine 
Journal, New York, the fact that a local firm of engineers 
was designing a ship, 330 ft. by 44 ft. by 31 ft., with a 
capacity of 4,500 tons, to be built of reinforced concrete. 
This is not a new idea, adds the New York journal, as a 
boat of reinforced concrete was built by a Frenchman 
in 1849, and is still in service, while other craft of con- 
crete have been built from time to time since then. 
The concrete ship is only a further development of the 
concrete barge, or lighter, and such vessels have been in 
successful use for Since 1910 concrete barges 
have been built for use in the various sections of the 
Panama Canal. Recently concrete pontoons, 120 ft. 
long, were constructed there for service as landing stages 
for boats up to 65 ft. in length. Vessels which are 
more like ships than barges have also been built of 
reinforced concrete in Norway. 





DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS. 
(Specially Compiled from Official Reports of London Metal and Scotch Pig-Iron Warrant Markets.) 


MAY. 


ds 


(5180) 


MAY. 


JUNE. 


JUNE. 


JULY. 





JULY. 


Norsz.—In the diagram above the figures plotted for tin and copper are the official closing cash 
quotations of the London Metal Exchange, as far as they have been reported, for “fine foreign” and 
“standard ”’ metal respectively. The prices shown for lead are for English metal, whilst those for spelter 
are for American metal. The prices are per ton; the price of tin-plates is per box of I.C. cokes free 
on board at Welsh ports. Each vertical line in the diagram represents a market-day, and the hori- 
zontal lines represent ll. each, except in the case of the diagram relating to tin-plates, where they 
represent ls. each. On July 7, 1916, the Minister of Munitions issued a list of maximum prices and 


61. 6d., Scotch at 65. 14s., 


regulations see page 45, vol. cii.) 


regulations governing the dealing in certain metals, &c.; thus the price of hematite pig was fixed at 
. 2a. and Cleveland at 4l. 
111. 10s., and heavy steel rails at 101. 17s. 6d. per ton. These quotations are still in force. 


lls. 6d. per ton. Ship-plates were priced at 


(For official 





ENGINEERING AND Evecrricat Data.—Through the 
courtesy of the British-Thomson Company, Limited, of 
Rugby, we have received a copy of a pocket-book 
issued by the General Electric Company, of Schenectady, 
New York. This is really a pocket-book—it will go 
into a waistcoat pocket. In its 80 pages it contains 
more—and more useful-—information than we remember 
to have seen in any previous book of the same size. It 
is mainly electrical, but there is a good deal of engineering 
information useful to electrical engineers. In addition, 
there are a number of maps, and blank pages for 
memoranda, 





Tue British Enotneers’ Assocration.—The fifth 
annual ordinary general meeting of the British Engineers’ 
Association was held at Caxton Hall, Westminster, 
London, on Thursday, July 26, and was attended by a 
large number of representative members from many parts 
of the country. In moving the council’s report, balance- 
sheet and income and expenditure account for the year 
ended December 31, 1916, which had been issued to all 
members, the chairman (Mr. Wilfrid Stokes) reviewed 
the work done by the association during the past year, 
and dealt with the action which it was pro to take 
in future. The new memorandum and articles of 
association, which had been revised in accordance with 
the resolution passed at the extraordinary general meeting 


of the association on July 13, 1916, had received the | 


sanction of the Courts, and were now operative. Mr. 
Stokes reminded members that the memorandum and 
articles had been revised in order to strengthen the 
relations between manufacturing engineers and those 
bodies and individuals with whom they are naturally 
brought into contact in the course of their business, as 


set out in the Manchester scheme for the organisation 
of the British engineering industry. He pointed out 
that much interest had been shown in the election of the 
new council, and for the 30 seats on the council about 
90 members, including retiring members, were nominated 
in the various districts, a total of 1,369 votes being 
recorded, At the first meeting of the council, held the 
same day, Mr. Wilfrid Stokes was re-elec president, 
and the council now stands as follow :—President : 
Mr. Wilfrid Stokes. Vice-presidents: Mr. T. O. 
Callender, Sir John Cowan, Mr. Peter Denny, Mr. Herbert 
Marshall, Captain L. E. Mather, Mr. J. E. Thornycroft, 
Mr. Douglas Vickers. Members: Mr. Daniel Adamson 
(J. Adamson and Co.), Mr. H. Alleock (W. T. Glover and 
Co., Limited), Mr. H. Austin (Austin Motor Com I> 
Limited), Mr. Stanley Brotherhood (Peter Brotherhood, 
Limited), Sir Edwin Grant Burls, C.8.I. (Vulcan Foundry, 
Limited), Mr. George Cradock (George Cradock and Co., 
Limited), Mr. Robert Goudie (Loudon Brothers, Limited), 
Mr. John Hemming (F. H. Lloyd and Co., Limited), 
Dr. G. B. Hunter (Swan, Hunter and Wigham Richard- 
son, Limited), Mr. John Hunter (Sir William Arrol and 
Co., Limited), Mr. A. Jacob (British Aluminium Com- 
pany, Limited), Mr. Christopher James (Joshua Buckton 
and Co., Limited), Mr. J. R. C. Kearns, (H. W. Kearns 
and Co., Limited), Mr. B. Longbottom (Electromotors, 
Limited), Mr. Hugh Lupton (Hathorn, Davey and Co., 
Limited), Mr. C. P. Martin (C. A. Parsons and Co., 
Limited), Mr. A. E. Owen (Rubery, Owen and Co.), 
Mr. Henry Steel (Steel, Peech and Tozer, Limited), 
Mr. T. Cuthbert Stewart (Stewart and Lloyds, Limited), 
Mr. H. J. Ward (J. and E. Hall, Limited), Mr. J. C. 
Ward (Edgar Allen and Co., Limited), Mr. A. P. Wood 
(the Lancashire Dynamo and Motor Company, Limited). 
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THE MOLINE FARM TRACTOR. 


CONSTRUCTED BY THE MOLINE PLOUGH COMPANY, MOLINE, U.S.A. 





Tse number of tractors competing for the farmer’s 
selection is very great, while the varieties are numerous 
enough to make selection a matter of considerable 
difficulty. There are caterpillar tractors, tractors with 
one and with two driving wheels, with one and with 
two steering wheels, with all the wheels running on 
the land, and with one wheel in the furrow. Some 
tractors draw the plough or other implement by a 
chain, some have a plough built into their framework, 
and some are arranged to be bolted or pinned to the 
plough or other implement. Some will turn six 
furrows simultaneously, while some are limited to two. 
No doubt every type of tractor has its uses and excels 
under the conditions for which it was designed. The 
needs of the large farmer may well be met by one kind 
and those of the smaller farmer by another, while 
hilly and stony farms will require different types of 
tractors from flat andloamy land. The Moline tractor, 
which we illustrate on this page, is designed for the 
farmer of moderate means, who requires a machine 
which is adaptable to a large number of operations, 
such as ploughing, cultivating, harrowing, rolling, 
harvesting and self-binding. Further, it is designed 
to meet the present scarcity of labour, as one man can 
control both the tractor and the plough, lifting the 
shares and coulters at the headlands when the tractor 
is being turned. The plough can be replaced by a 
harrow or harvester, or by some other implement, the 
man in charge in all cases riding on the implement 
and not on the tractor, so that the various levers 
and controls are ready to hand, just as in a horse- 
drawn implement. 

The Moline tractor has two opposed horizontal 
cylinders, 43 in. by 6 in., as in a Douglas bicycle, and 
gives from 10 h.p. to 12 h.p. on the belt. It drives 
through gearing and a differential on to two short 
shafts, each ending in a pinion which engages with an 
internal-toothed ring in one of the driving wheels, 
there being-one speed forward and one reverse. 

The crankshaft is 2} in. in diameter, and the main 
bearings are 4} in. and 5 in. long. The cams are 
forged solid with the camshaft, and are ground to shape. 
The valves, of nickel steel, are 2% in. in diameter. 
There is forced lubrication to all the bearings and to 
the connecting rod ends. The governor is enclosed 
and runs in oil. It can be adjusted by the man in 
charge to give any speed from } to 3 miles an hour. 
The transmission, differential and jack shafts are 
carried in Hyatt roller bearings. 

The driving wheels are fitted with strakes, to give a 
gtipon the ground. These can be removed for passage 
over roads, and can be replaced by spuds, if found 
more suitable to any particular land. 

The motor, gear-box and wheels form a self-con- 
tained unit and the entire weight is available for 
adhesion. The motor is prevented rotating around 
the axle by a radius rod, which has a bifurcated end 
pivoted on two pins, one above and one below the 
axle. The driving wheels, with the motor, may be 
likened to the fore-carriage of a coach which is able to 
“lock,” while the radius rod resembles the “ perch.” 
There is a toothed sector on the motor frame, and on 
the radius rod a pinion operated by a hand wheel. By 
aid of these the driving wheels can be steered to either 
side in a 16-ft. circle. 

The plough, like the motor, is also a self-contained 








unit. 
bolts, and considerable latitude of adjustment is 


It is connected to the radius rod by pins and 


provided for. In connection with it there are two 
wheels carried on a cranked-axle, and these wheels 
maintain the share and the mould boards at the right 
depth in the soil. On approaching the headland the 
man releases the clutch with his foot, and one of the 
wheels winds up a chain, which draws the wheels back- 
wards. From the way in which the axle is carried the 
backward motion of the wheels lifts the mould boards 
clear of the soil and allows the plough to turn. The 
plough is fitted with levers to adjust the mould boards 
to the lie of the land, so that all may cut uniformly. 
There is also an adjustment to one wheel of the tractor 
so that it can run in the furrow, and yet maintain the 
machine horizontal. The overall width is 4 ft. 6 in., 
and the weight 25 cwt. 

The tractor is constructed by the Moline Plough 
Company, of Moline, U.S.A., who are turning them 
out at the rate of 80aday. It is imported into the 
country by the British Empire Motors, Limited, 115, 
Fulham Road, South Kensington, London, 8.W. 





CoMMITTEE OF INQUIRY INTO THE UTILISATION OF 
Irish Peat Deposits.—The Fuel Research Board, 
with the sanction of the Committee of the Privy Council 
for Scientific and Industrial Research, has appointed a 
committee of inquiry into the utilisation of Irish peat 
deposits. The terms of reference to the committee are as 
follow :—‘“‘To inquire into and to consider the experience 
already gained in Ireland in respect of the winning, 
preparation and use of peat for fuel and for other 
purposes, and to suggest what means shall be taken 
to ascertain the conditions under which, in the most 
favourably situated localities, it can be profitably won, 
prepared and used, having regard to the economic 
conditions of Ireland ; and to report to the Fuel Research 
Board.’’ Though the inquiries of the committee will 
ultimately lead up to the consideration of peat as a 
source of energy in central power stations, there are 
sound reasons why this aspect of the problem should be 
postponed to a later stage. On the one hand, the Fuel 
Research Board is already organising an extensive 
inquiry into the problems of fuel economy in connection 
with power a oe a and the results of this inqui 
will supply the fundamental data and information which 
will be required when the time comes for the considera- 
tion of any wide scheme of development in Treland. On 
the other hand, any schemes of development must be 

on @ more exact knowledge than is at present 
available regarding the selection of the more favourably 
situated bogs and the possibilities of winning and 
transporting partially dried peat to centres at which it 
may be converted into marketable products. It is 
obvious, therefore, that the inquiries of the committee 
are likely to be most fruitful if they are concentrated 
on the fundamental problems, for until these are settled 
no satisfactory progress can be made. The following 
appointments have been made to the committee :— 
Sir John Purser Griffith, M.A.I., M.Inst.C.E., Rathmines 


Castle, Rathmines, Dublin (chairman); Professor 
Hugh Ryan, M.A., D.Sc., F.L.C., University College, 
Dublin; Professor Sydney Young, D.8c., FRE. 


Trinity College, Dublin; Mr. George Fletcher, Depart- 
ment of Agriculture and Technical Instruction for 
Ireland, Upper Merrion-street, Dublin ; Professor Pierce 
Purcell, M.A.M.A.I., Assoc.M.Inst.C.E., University 
College, Dublin (secretary). All communications should 
be addressed to—The Secretary, the Peat Inquiry 
Committee, University College, Dublin. 





MILITARY INFLUENCE ON MOTOR TRUCK 
DESIGN.* 
By H. D. Cuurcs. 


Moror trucks of American manufacture have played 
an important part in the P anyv ey om War, but 
up to this time our general design has not been materially 
influenced thereby. 

The conditions on the western battle front in Europe 
are such that large armies have been practically in 
same positions for two years, and this fact, in conjunction 
with the first class French roads, has made it possible 
for the conventional design of American commercial 
motor trucks to render fairly good service. 

In other words, the commercial motor truck of to-day 
is essentially a hard roads vehicle, and when used over 
such roads, would naturally not require any radical 
changes in design to meet military conditions. 

In event of any fighting on American soil at any time 
for several years to come it is most improbable that 
similar conditions to those outlined above would exist. 
Our borders are so long that permanent trench fighting 
on @ large scale is most improbable, and the roads in this 
country are far inferior to those of France or Germany. 
It follows, therefore, that a truck designed for satis- 
factory military operation in this country, which means 
for use in connection with mobile field operations over 
mediocre roads, or, in some cases, no ro at all, must 
necessarily be of a design differing in many respects 
from our present type of commercial vehicle. Further- 
more, the design of such a truck is bound to be influenced 
by the widely varying climatic conditions found in the 

nited States proper. 

During the trouble with Mexico, in the past year, our 
army, for the first time, depended almost entirely upon 
motor transport, using quantities of the leading American 
makes of conventional commercial trucks. 

From the standpoint of quick development of a 
suitable truck for American army use, it is most fortunate 
that the operating and climatic conditions were extreme, 
as the result was to define sharply those points wherein 
a truck designed primarily for commercial service would 
not satisfactorily meet our military needs. 

The experience of our army with motor transport for 
the past several months has resulted in a vast amount 
of information as to desirable changes in design, and the 
army has been most willing to extend to the rages 
of the various truck manufacturers every facility to 
gather first-hand information on army requirements for 
motor transport. 

It is the writer’s opinion that for American army 
transport purposes several different types of trans- 
portation will be required, according to topographical 
and road conditions :— 


1. Mule transport. 

2. Caterpillar tractors. 

3. Four-wheel driven trucks. 
4. Two-wheel driven trucks. 


Each of these methods of transport will probably be 
used, as each of them has a certain field of operation 
which cannot satisfactorily be filled by the other types. 
It is probable that the majority of the transport work 
will be done with two-wheel driven vehicles, as, where 
the road conditions will permit of its passage, this type 
will haul materials in the minimum time and at the 
minimum operating expense. As the writer's direct 
experience has been largely with two-wheel driven 
trucks, this paper will be confined to consideration of 
that type, cage op / of a nominal capacity of 1} tons, 
this being the size which was most largely used in the 
military operations in Mexico. 

Governors.—One of the first and most important points 
in connection with the design of a military truck is the 
absolute necessity for governors on the motors, not 
only to limit the maximum vehicle speed on high gear, 
but also to limit the maximum motor speed on any of 
the gears. 

Experience along the border with trucks which had 
never been equipped with governors by their manu- 
facturers, as well as with trucks on which the governors 
had been removed to obtain more power, proved con- 
clusively that a governor is even more necessary for 
trucks in army service than for those in commercial 
service. 

From personal observations made along the border, it 
is the writer’s opinion that the pone maximum 
motor speed governor is the proper type. is type of 

overnor not only keeps the maximum vehicle speed 
Town to a point where durability is assured, but it also 
keeps the motor s down at all times, so that it is 
impossible to shorten the life of the motor by excessive 
8 when running on any of the geared s s in 
the transmission. This is an important consideration 
for soft road operation, where, if a governor which limits 
only the maximum road speed is fitted, there is a great 
temptation to the driver to run for long periods on 
second or third gear in the transmission with the motor 
racing, a practice which will materially shorten the life 
of the motor. 

Governors must be thoroughly enclosed and sealed, 
to prevent their being tampered with without the know- 
ledge of those in authority, and in order to obtain the 
best results should be extremely sensitive, without 
“surging.’’ A sluggish governor cuts into the power 
curve of the motor too early on acceleration and too late 
on deceleration, and experience has shown that a snappy 
governor action can be obtained within speed limits of 
4 per cent. on acceleration and 6 per cent. on deceleration, 
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which will utilise the maximum amount of horse-power 
for a given maximum governed speed. 

Ability or Tractive Effort.—Consideration of governors 
leads directly to the question of ability or tractive effort, 
both on high and low gears. To obtain the best results 
over soft road conditions, and without disconnection of 
governors, the average American commercial truck has 
insufficient high gear ability and far too little low gear 
ability sussentieliey to pull its load through deep sand 
or mud or over extreme grades. 

The ave truck designed for American commercial 
service has plenty of ability on both high and low gears 
to handle successfully its load over hard roads and over 
the grades found in American cities, but the conditions 
of operation for army service in this country are much 
different. 

The tractive effort required increases very. rapidly 
with an increase in road resistance, and sand or soft 
going will not infrequently result in road resistances as 

igh as 300 lb. to 500 Ib. per ton, far in excess of — 

inaril tered in commercial service. en it 
is considered that the road resistance in pounds per 
ton on good asphalt is 15, on macadam 50 to 60, and 
over ordinary cobbles 130, the necessity for an increase 
in tractive effort becomes very apparent. 

For American military purposes the low gear tractive 
effort should at least be sufficient continuously to turn 
the rear wheels of the fully loaded truck on dry asphalt 
with the truck itself stationary. Using a coefficient 
of friction between the tyres and a dry asphalt surface 
of 0.6 and a total rear end loaded weight of 7,600 Ib. 
for a 1}-ton truck loaded to capacity, the low gear 
tractive effort necessary to meet these requirements 
becomes 4,560 lb. 

Commereial truck practice now gives far lower 
figures. For example: the low-gear tractive effort of 
what is considered a powerful 1}-ton commercial service 
truck is only 2,600 lb. To carry safely the low-gear 
torque required to give 4,560 lb. tractive effort, the 
driving members throughout, from the gear train in the 
transmission clear back to the rear tyres, must be made 
heavier and stronger, which, of course, will result in an 
increase in chassis weight. From the standpoint of 
design it is probable that any such increase in low gear 
ability for military service, as outlined above, will cause 
more changes in truck chassis design than any other one 
requirement, the necessity for which became apparent 
during last year’s experience on the border. 

Motor Cooling.—The heat-dissipating ability of the 
average radiator was found inadequate, a serious matter 
at any time, and more serious in a country where water 
is scarce. With the thermometer standing at 110 deg. 
to 120 deg. in the shade and the truck using maximum 
motor power on low gear for long stretches, extraordinary 
motor-cooling ability is required. Probably an increase 
of 50 per cent. over average commercial practice would 
not be excessive, and a desirable provision would be a 
simple means for reducing the radiating area for efficient 
use in the cooler sections of this country. 

When a truck is pulling along through heavy sand on 

low gear its speed is so slow that the air circulation 
through the iator resulting from the movement of the 
vehicle can practically be disregarded. This means that 
the radiator fan must handle a large volume of air in 
order to keep the motor cool under these conditions. In 
the writer's opinion this is not so much a question of 
efficient fan design as it is of furnishing some means of 
driving which will keep the fan up to its normal operating 
speed. The belts used for driving the fans on the 
average commercial truck are not sufficiently powerful 
properly to meet this condition, and either the size or 
design of belt will have to be changed, or some positive 
drive provided for the fan. 
_ This is an important point, for if the radiator design 
is such that it depends upon the fan circulation to give 
@ certain cooling ability, the result is seriously affected 
if the fan does not at all times draw approximately 
the volume of air that it handles when its belt is new 
and tight. A feature of the radiator which should be 
given careful consideration is its mounting, which should 
be such as to minimise any strains in the radiator proper 
which are set up as a result of excessive chassis-frame 
deflection. Furthermore, the radiator should be of a 
type which has large water passages, is least liable to 
break under distortion, and which is readily repairable 
in the field, 

Transmission Gears.—Army experience on the border 
clearly showed the desirability of four-speed instead of 
three-speed transmissions for military pu . If the 

pood trar 





low-speed reduction ratio in a three-s ransmission 
is made great enough to give proper low-gear tractive 
effort, the steps between speeds become so great as 
to interfere with easy gear shifting. Furthermore, the 
four-speed gear-box has the very important advantage 
over @ three-speed box for soft road service of always 
having 4 gear ratio more nearly adapted to any particular 
a requirement than can be obtained in a three-speed 

x. 

It is probable that the gear ratios in a four-speed box 
for military trucks will be so arrarged that second speed 
will be used for normal starting on hard road surfaces, 
and that the first speed, or low gear, will have a greater 
reduction ratio than anything which has been built to 

This high reduction ratio low-speed gear will 
then be in reserve for starting or running in deep sand 
or mud, or for climbing steep grades. In effect, such 
@ combination of gear ratios would practically result 
in adding to a three-speed gear-box of the conventional 
ratios an extra low gear with an extremely high reduction 
ratio, to be used for starting or running in sand or mud 
or for climbing steep or soft grades. 

Control Elements.—The desirability of standardising 
the control elements has been clearly indicated. When 
large fleets of trucks are operated by a single user, 


particularly if the trucks are kept in operation for more| This fine dust is drawn into the motor cylinders 
than 10 hours or 12 hours out of 24, two shifts of drivers | through the carburettor intakes, acting as an abrasive 
are necessary, and there is bound to be a certain amount on the pistons, piston rings and cylinder walls, and 





of shifting of drivers from one make of truck to another. 
Where drivers are called upon to drive different makes 
of trucks, they should be able to do so with facility, and 
much time would be saved, and better average operation 
assured, if the same motion of the driver’s right or left 
hand or foot could produce the same result irrespective 
of the make of truck. Standardisation of controls alon, 
these lines would not only result in more economical an 
efficient operation, but would also simplify the instruc- 
tion of drivers. 

Wheels.—The use of all-metal wheels will undoubtedly 
receive careful consideration as a result of border ex- 
perience, in spite of the fact that the wood wheels with 
which the majority of trucks were equipped gave remark- 
ably good service. For rt running in the northern 
Mexican or south-western United States climates, any 
wood wheel, no matter how good, will eventually loosen 
in the spokes, and all-metal wheels are essential for 
durability in such climates. 

On comrrercial trucks of 3 tons capacity and under 
steel wheels are not extensively used, due probably to 
the fact that for normal service wood wheels are perfectly 
satisfactory, and also because a set of steel wheels for 
a truck of 2 tons capacity or less will weigh approximately 
125 lb. more than the corresponding w wheels. For 
military service, however, which is bound to be extreme, 
any objection from the standpoint of slightly increased 
weight is more than offset by the necessity for durability 
under any climatic condition. 

Wheel Gauge or Tread.—Wheel gauge or tread is most 
important when numbers of trucks of different makes 
and sizes are operated over the same routes on soft roads, 
and trucks for American army service ought to have 
@ specified standard gauge in order that each different 
size or make does not have to break down a new track 
in the roadway. 

If all sizes of trucks could be made to the present 
standard road gauge of 56} in., such standardisation 
would be of the utmost value from a commercial as well as 
@ military standpoint, as it would facilitate the operation 
of all trucks over soft country roads. Such a narrow 
gauge is impracticable for large trucks from 3 tons capacity 
and up, owing to constructional limitations. It would 
appear, therefore, that the best compromise from a 
military standpoint would be to ascertain how narrow 
it is practicable to make the gauge of the larger trucks 
and then to increase the gauge of smaller trucks to a 

oint where their tyres will run within the tracks made 
y the wider tyres of the larger vehicles. 

From a commercial standpoint this plan would 
slightly impair the usefulness of the smaller-sized trucks 
on soft roads, but if the gauge finally decided upon is not 
so much above 56} in. that the wheels on one side can 
obtain no advantage at all from one of the 56}-in. tracks 
on the road, the objection is not serious, while any 
approach to @ narrower gauge on present-day large 
commercial trucks would somewhat help their per- 
formance over soft roads. Such a standardisation of 
wheel gauge would be of immense value on trucks for 
military purposes, and, in the writer’s opinion, would 
probably tend to increase the field of profitable opera- 
tion for commercial trucks. 

Final Drive.—It is evident that the best results will be 
obtained from some form of fully enclosed final drive, 
which should be so thoroughly enclosed as to retain 
lubricant, and to prevent deposit of fine dust or grit 
on any of the working parts. 

Whatever form is used, either worm, internal gear, 
or double reduction, it should, in addition to the above 
requirements, be capable of efficiently and continuously 
transmnitting the maximum low-gear torque of the 
vehicle without overheating, and give at least 10 in. 
road clearance with 36 in. diameter tyres. 

A highly desirable feature would be the use of some 
form of differential which will automatically prevent one 
wheel from spinning if it loses traction, and which will 
still function as a differential when the truck makes 
a@ turn. 

The torque-transmitting members throughout the 


rear axle, and through the entire driving train as well, | 


should be able to stand, without overstressing, the 
sudden engaging of the clutch with the transmission in 
low gear, the motor running at maximum govern 
speed and the truck rear wheels locked. 

Brakes.—The development of a braking system suitable 
for a military truck presents severe problems in regard 
to cooling. The brakes as used on our commercial trucks 
of to-day are not well enough cooled to stand up long 
under some military conditions, as for instance, handlin 
the fully-loaded truck on a 3-mile descent on a hard 
surface with grades running up to 25 per cent. 


——_s 7 per cent. 

Brakes as designed have sufficient power to hold the 
truck under such conditions, but will heat up so that 
the linings char slightly and wear rapidly. Water 
cooling is undesirable, and it is probable that some 
type of metal-to-metal brake will Be necessary, which, 
while not as smooth in action as, and noisier than, the 
conventional brake faced with brake lining, will give 
greater durability under continuous application. 


some is apparently drawn into the crank-case through 
the breather, mixing with the lubricating oil and 
causing undue wear on all working parts of the engine. 
Some form of separator or ,air strainer for both the car 
burettor and breather would be highly desirable, but 
it should be of a simple type, not. requiring too fre- 
| quent cleaning, and should not be of any form requiring 
water. 

Road Clearance.—On a military truck the question 
of road clearance is of great importance. Not only 
should a minimum clearance of 10 in. at the centre 
of both the front and rear axles be maintained, but the 
| clearances under the steering knuckle levers and the 
steering cross-tube ends must be as great as possible. 
Furthermore, unusually high road clearance is desirable 
under the chassis, midway between axles, to prevent 
contact with the ground when the truck is driven over 
a bank into a river bed or over a ridge. 

Results of Frame Distortion.—To take care of exces=ive 
frame distortion, which is unavoidable when operating 
over rough or soft roads, the radiator, motor and trans- 
mission should be carried on three-point suspensions, 
and with clearances sufficient to obviate any possibility 
of their being themselves distorted. Provision should 
be made to protect the steering column from any binding 
from the same cause, and all connections between the 
rear axle and frame-should be arran to permit the 
maximum horizontal misalignment tween the two 
without overstressing or breaking any of the connecting 
members. The gasoline tank mounting should also be 
carefully arranged to protect the tank from twisting 
strains. 

Conclusion.—It is impossible, without writing an 
unduly long paper, to take up all the points in the 
design of our conventional trucks which will be more or 
less influenced by military use. 

Many other points will be affected, such as motor- 
lubricating systems, carburettor design, steering gears, 
springs, body design and attaching means, &c., but the 
points discussed above are, in the writer’s opinion, the 
ones which will require the greater changes in design to 
render our commercial trucks suitable for military use 
in this country. 

The War Department has made a careful analysis of 
motor transport, and is now drawing up a specification to 
cover @ desired design of two-wheel driven trucks for 
service with our army. It is improbable that any sub- 
sidy plan for military trucks, simiar to the English War 
Department subsidy plan, will ever be put into effect in 
this country. 

In the absence of such a plan, it is probable that the 
United States War Department specification, when 
issued, will stand as a sort of master specification for 
American truck manufacturers, in that, as they bring 
out new models from time to time, they will incorporate 
in the design such features specified in the War Depart- 
ment specification as will not detract in any way from 
the commercial value of the truck, and, at the same 
time, so design the other parts that with minimum 
change modifications could be added to meet the balance 
of the specification. If this procedure be followed, the 
War Department will eventually be able to purchase, at 
comparatively short notice, trucks which much more 
nearly meet its requirements than anything on the 
market to-day ; and furthermore, many of the features 
found necessary from army experience on the Mexican 
border will, if incorporated in our commercial trucks, 
materially enlarge their operating field. 





Tests To DrereRMINE PROPERTIES OF ALLOYS.—We 
read in The Electric Railway Journal that the engineering 
experiment station of the University of Illinois has just 
completed another series of experiments to determine 
the magnetic and allied properties of alloys of iron and 
other metals. In 1915 experiments with iron-silicon 
| alloys disclosed some remarkable properties which make 
| those alloys superior to any other material for use in 
| certain electro-magnetic machinery. These experiments 
were followed by others dealing with iron-aluminium 
|alloys melted in vacuo, which have shown that 
| aluminium, like silicon, greatly improves the magnetic 
properties of the metal, and also that aluminium imparts 
to the metal a greater toughness than silicon. 








Fire Tests or Ferro-Concrete.—Having conducted 

| fire tests of ferro-concrete in 1910, the Materialpriifung- 
samt of Gross Lichterfelde, near Berlin, undertook new 
tests in 1914-15, on which Professor M. Garg has recently 


and reported in the publication of the ‘‘ Deutsche Ausschuss 


fiir Eisenbeton.”’ Two houses were erected, 4m. by 4m., 


\§ m. high, the chief materials being ferro-concrete 


repared either with crushed granite or with crushed 


salt. The particular points investigated were: 


| resistance of the concrete to internal fires, heat trans- 
| ference through the concrete, strength of the ferro- 
concrete structure before and after the fire, and behaviour 
of the structure during demolition. 


The report is not 
available, but from the Schweizerische Bauzeitung of 


Dust Protection.—It is essential that thorough means | May 19 we see that the houses stood the repeated, 


be provided to keep dust and grit out of all working 
parts. Troubles from dust are more liable to result on 
trucks in military service than on those in commercial 
service, due to running in “fleets,” or trains, over 
country roads. 

Along the Mexican border, during the dry season, 


extrao) 


rdinary amount of very fine, powdery dust, and | off with a 


severe tests surprisingly well, better even than experts 
expected. The stairways of ferro-concrete and also of 
artificial stones proved excellent, and the mechanical 
properties of the iron were hardly impaired, although the 


| temperature of the iron rose to 350 deg. C. The one 
’ | unsatisfactory and, so far, unexplained feature was that 
which means for the greater part of the year, there is an | fairly big 


—_ of hot granite-concrete sometimes flew 
most explosive energy. This point is to be 


a “train ’’ of trucks running at 12 miles or 14 miles an | further investigated in the experiments, which have 


hour will raise a dust clou 


which is visible for miles, | already been resumed. 
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THE SOCIETY OF CHEMICAL INDUSTRY. 
(Concluded from page 89.) 


WE conclude our notice of papers brought before the 
annual meeting of the Society of Chemical Industry and 
Congress on the Progress of Applied Chemistry, held at 
Birmingham in July. 

«8, is of Ammonia and its Oxidation to Nitric 
Acid.”” Dr. Edward B. Maxted gave an account of the 





work he and his collaborators have undertaken toward 
establishing a synthetic ammonia industry in Great 
Britain. The works of the Badische Anilin- und Soda- | 
fabrik at Oppau, he stated, were said to produce 
1,000,000 tons of ammonium sulphate (calculated as | 
sulphate ?) per annum, but particulars were not pub- 
lished. Dr. Maxted was also guarded in his statements, | 
of course. The first step was the choice of methods for | 
manufacturing the two gases, nitrogen and | 
The formation of ammonia by the aid of catalysts was | 
extremely sensitive to the presence of traces of inhibi- | 
tive substances which interfered with the catalysis, | 
and that consideration excluded the use of cone of 
produced mixtures of N and H, because they generally 
contained carbon monoxide. Hence N and H had 
to be made separately. The nitrogen they had found 
easiest to isolate from air by the Pictet process. Air 
cooled by exchange and other means down to—but not 
below—its liquefying point was injected, as gas at 
approximately atmospheric pressure, into 4 vertical | 
separating column (Fig. 1) in which a number of hori-| 
zontal plates were arranged, over which liquid nitrogen | 
was flowing down ; the oxygen in the air was condensed 
and mixed with the liquid N, and was fractionated, so 























eg. Their hydrogen was of a purity of 99.9 per cent. 
and above. 

The combination of N and H, which generated heat, 
required high pressure—they had found 180 atm. most 
suitable—and a catalyst. Apart from the platinum 
metals and from uranium—which was difficult to isolate 
and difficult to regenerate, and very sensitive to traces 
of water vapour—iron was a good catalyst, and its 
efficiency could be increased by the addition of small 
quantities of other bodies or promoters ; several of these 
were simultaneously added to the iron in Germany. As 
regards the rate of the reaction, Dr. Maxted gave the 
following figures for the time of contact between catalyst 
and gas mixture, the resulting percentage of NH; in the 
gas, and the yield of ammonia in kg. per hour calculated 
per cubic foot of catalyst space: time 13, 26, 105 


seconds, 18 minutes; ammonia, per cent., 0.8, 1.4, 
3.1, 3.7; yield, 6.46, 3.03, 0.78, 0.89 kg. The 
catalyst was described as iron-potash ; the ammonia 


was assumed to be totally remo from the circulation 
by employing 4 refrigerator at almost the liquefaction 
temperature of ammonia (— 77 deg. C), and the tempera- 
ture of the reaction ranged from 650 deg. down to 600 
deg., in different parts of the catalyst chamber. The 
economy of the process depended much more upon the 
efficiency of the heat exchange and upon the complete 
elimination of the ammonia formed than upon the power 
absorbed, and the maximum yield of ammonia was not 
in itself decisive. The gases were heated, passed through 
the catalyst, and then cooled to liquefy the ammonia 
formed ; the construction of the exchangers was there- 
fore of primary importance. As, further, the first 
portions of ammonia were more rapidly formed than 
successive increments, a complete removal of all ammonia 














Fig.2. OXIDATION OF AMMONIA. 
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that practically liquid O collected in the bottom of the 
column. while gaseous N ascended. Thus only one-fifth 
of the air—the oxygen makes up one-fifth of the volume 
—was liquefied; only a small fraction of the N also 
underwent liquefication, in order to effect the separation. 
This was done in two ways, first by a slight compression 
in closed coils lying in the oxygen reservoir and on 
the plates, the pressure in the coils being adapted to the 
temperature in the respective portion of the column; 
at the top of the column, where the temperature was 
— 196 deg. C., a very slight increase in pressure would 
produce liquefication, while near the bottom, at — 182 
deg., additional pressure of several atmospheres was 
required. Losses of cold due to radiation and imper- 
fections of exchange were compensated by the lique- 
faction (by expansion) of a further quantity of nitrogen ; 
this was the second source of the separating liquid 
referred to. Their installation produced 400 cub. m. 
of N and 100 cub. m. of O per hour, and had proved 
extremely satisfactory, both as to the purity of the gases 
and low power consumption. . 
The purity of the hydrogen was the key to the econo- 
mical synthesis. Electrolytic hydrogen was too expen- 
sive. When water-gas and steam were over 
activated iron oxide as catalyst, the reaction CO + H20 
= CO2 + He took place, but it was never complete, 
and even with large excesses of steam some CO was left 
in the hydrogen and could not be removed by the ordina 
purifiers, — it could be removed by treatment with 
calcium carbide or by compression on to heated soda | 
lime, when formates were produced. As the vapour 
pressure of CO was considerable even near its freezing- 
point, the preparation of H from water gas by low- 
temperature separation was equally difficult. The 
objection applied also to the intermittent hydrogen 
process, when iron was alternately st d and reduced 
At high temperature CO decomposed—2CO 2? COz + 
C ; the C was deposited on the iron during the reducing 
phase and reacted with the water gas in the next steam- 


ing phase: C + HzO 2 CO + Hz. As a consequence the 





formed was desirable before repassing the gas through 
the catalyst. The removal of gas, i.¢e., the temperature 
in the refrigerator, was influenced by the gas pressure 
of the synthesis; at 0 deg. C. and at 150 (or 200) atm. 
2.7 (2.0) per cent. of the ammonia were left in the gas ; 
at 60 deg., 0.13 (0.1) per cent. The retorts in which the 
synthesis was carried out had to stand high pressure 
almost at red heat, and were, moreover, exposed to deter- 
ioration by the ammonia. To overcome the pressure 
difficulty the reaction vessel was surrounded by nitrogen 
at the high pressure of the mixture inside, and the whole 
retort, with its strong outer walls, was placed in a pit out 
of doors; when a reaction vessel burst, which did 
happen, it split without projecting f ents. 
the reaction between the combining N and H 
developed heat, the heat to be supplied ractically 
only to make up for radiation and for the deficiencies 
of the heat and cold exchanges. Yet the choice of a 
method of heating was by no means easy. Electric 
heating had its drawbacks, and, as in Germany, Mr. 
Maxted injected a small amount of air into the catalyst 
chamber in such a way that the requisite reaction tem- 
rature was reached and maintained by internal com- 
ustion. With that method the retorts could be simple 
in construction, but there might be explosions—distinct 
from the bursting just mentioned—if the air should 
accumulate unburnt until rich enough in o m. With- 
out giving particulars, Dr. Maxted said that their method 
seemed to combine simplicity with safety. 

As regards the economic side, 5} tons of fuel sufficed 
per ton of ammonia for the production of the gases and 
the power needed for all the processes ; the labour factor 
was small, but the plant expensive, and the cost of 
synthetic ammonia should be about 101. or 12/. per ton 
in this country. The ammonia produced was mostly 
bound by acids (as a rule as sulphate by sulphuric acid 
and by interaction with calcium sulphate), or it was 
oxidised to nitric acid. This acid might itself serve for 
absorbing other ammonia; the resulting ammonium 
nitrate was very valuable and contained a very high per- 





intermittent-process h m as a rule contained 1 per 
cent. or 2 per cent. of CO. They had, however, suc- 

_in improving the intermittent process by reducing, 
not with water gas, but with a mixture containing 
enough CO2 to prevent any deposition of C. This 
hydrogen was quite free from CO and also from N, with- 
out the use of other purifiers than iron oxide and lime : 
for the ammonia synthesis the removal of the N was not 
essential, of course, but it was for the hardening of fats, 





tage of nitrogen ; against that was its deliquescent 
character. 

Passing to the oxidation of ammonia by combustion 
with air in presence of a catalyst, Dr. Maxted said that 
three methods were in use :—({1) Ostwald used a plug of 
platinum covered with | mee apa black, and attained a 


yield of 90 per cent. and more ; the temperature regula- 
tion was di t, however ; the Ostwald patents had now 
expired ; (2) oxidation by passing the ammonia through 


electrically heated platinum gauze; how this simpler 


method is carried out at Stolberg, near Aachen, we 
described on page 440 of our issue of November 3, 1916; 
(3) oxidation by means of base-metal catalysts. On 
this third method Dr. Maxted gave some interesting 
information. He used iron, to which promoters were 
added, and not only air as such, but air enriched 
in oxygen or oxygen itself ; the increased cost of material 
was amply com for; 10 volumes of air per 
volume of ammonia were required, and they had obtained 
96 per cent. of the theoretical nitric acid in experiments. 
At 700 deg. C. a very short time, a small fraction of a 
second, sufficed for the actual contact between the 
ammonia and the catalyst, and short contact was indeed 
desirable to avoid re-decomposition. Plotting the yield 
of nitric acid in"per cent. against the time of contact in 
second (Fig. 2), Dr. Maxted found with contacts of 0.03, 
0.02, 0.015, 0.012, 0.10 second nitric acid yields of 71, 82.5, 


83.5, 82.5, 75 per cent, with iron itself. The were 
very similar with certain alloys (the pre tion and 
composition were not stated) and the yields sometimes 


still higher, e.g., with iron-bismuth, 0.06, 0.02, 0.015, 0.012, 
0.01, 0.0086 second, gave yields of 78, 90, 92, 93.4, 94.6, 
91.0 per cent. Iron to which cerium, thorium, tungsten 
or copper had been added was more efficient than 
iron itself. On the other hand, antimony did not behave 
like bismuth : owing to the volatility of the antimony, 
probably, its curve differed little from the iron curve 
after attaining a higher maximum. The addition of 
lead flattened the curve out curiously, i.¢., the catalytic 
action depended little on the time of contact ; potassium, 
calcium, zinc, and manganese decreased the efficiency 
of the iron, uranium had little effect. In most cases a 
very short contact of about 0.01 or 0.012 second proved 
the most profitable ; the catalyst chamber could hence 
be small, and the gases be sent through it at velocities of 
80 or 100 litres per hour per cubic centimetre of free space 
in the chamber, those figures being reduced to room 
temperature ; each cubic centimetre of free s corre- 
sponded to 20 sq. cm. of catalytic surface. r. Maxted 
concluded by estimating the comparative costs of the 
three chief methods for the fixation of atmospheric 
nitrogen, as nitric acid: this process; the arc process 
(Birkeland-Eyde and others); and the indirect aration 
oy 7 of calcium carbide, cy ide and ia 
The kilowatt-year, he estimated, would yield 830 kg. of 
nitrogen by the synthetic ammonia process, 380 kg. by 
the cyanamide process, and 130 by the arc process. The 
labour and plant items modified these figures slightly. 
In another paper on this subject, ‘‘ Manufacture of 
8 ic Nitrates by Electric Power,’’ Mr. Kilburn Scott 
described his three-phase furnaces; the comparative 
cost estimate of the second part of his paper was decidedly 
in favour of his own process as superior to the indirect 
rocess found suitable for taking off-peak and off-season 
of Benzene and Toluene 


oe HA 
E ives. A paper of this title by Mr. T. F. E. 
Rhead, of the Central Laboratory, Birmingham gas 
department, dealt in its several parts with various 
aspects of the problem which have repeatedly been 
noticed in our columns. Mr. Rhead distinguished four 
main sources: (1) synthetic, catalytic and electric pro- 
cesses—hardly advanced beyond the experimental stage 
so far; (2) crude petroleum containing benzene and 
toluene in the uncombined state ; as to this, not unim- 
portant up, which Mr. Rhead merely mentioned, 
we should refer our readers to recent comments on the 
proceedings of the Institution of Petroleum Technologists 
and other articles, dealing also with natural as & 
source for b , &c.; (3) the carbonisation of bitu- 
minous coal; (4) the cracking of petroleum oils. A 
certain amount of cracking, Mr. Rhead pointed out, was 
always going on in the retort, and that depended upon the 
position of the coal in the retort ; unless a mass of coal were 
near the ascension pipe in a horizontal retort, the gases 
liberated would remain for some time in contact with 
hot coke and walls. A temperature of 700 to 750 deg. C. 
was recommended for a maximum yield of benzene and 
its homologues; but that meant something like 1,250 
deg. C. on the outside of the retorts, to force the heat 
through in reasonable time, and hence partly the common 
opinion that high-temperature carbonisation favou 
benzene formation. According to Cobb and Hollings, 
benzene was not rapidly destroyed by contact with hot 
coke unless the temperature rose to 1,100 deg.; but 
there was considerable destruction in the retorts. In decid- 
ing the scale of merit of horizontal and inclined retorts, 
coke ovens, and intermittent and continuous verticals, 
when depletion of b from coal gas was planned, 
the lack of a ready test for benzene in gas had been in 
the way. Mr. Rhead described his device for this pur- 
pose in his appendix, and apparatus for the extraction 
of benzene (by Dr. Lessing), and for toluene estimation 
(by Dr. Bowrey) were noticed in our issues of February 9 
and June 22, 1917. Mr. E. W. Smith (at the Birming- 
ham works) had quite recently carbonised, in hori- 
zontal retorts, along with coal, several substances— 
poe from coal tar and Mond gas, petroleum residue and 
itumen—for the purpose of raising the benzol content 
of coal ; an increase had been obtained (except with 
the coal-tar pitch, which was already cracked), but as 
only a an pre could be carbonised at the time, 
the process did not appear profitable. Carbonising the 
coal with lime (Rollason and Stevenson) and other pro- 
cesses had been tried, so far not with pronounced success 
apparently. As regards — cracking, Mr. Rhead 
referred to Rittman and Egloff, and quoted Egloff’s 
diagram of the course of the formation of aromatic 
hydrocarbons from paraffin base distillates—high and 
low peer es paraffins —> low-boiling para: and 
unsaturated hydrocarbons~> naphthenes, polymethylene 
—> aromatic hydrocarbons (benzene <= toluene S$ xylene, 
toluene further yielding naphthalene) —> diphenyl —> 
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hydrogen. The manufacture of carburetted water- 
gas was essentially an oil-cracking process, and good 
quality benzene and toluene could be — by 
washing this gas. At Birmingham the obtained 
3.27 per cent. of the oil as benzene and 2 per cent. as 
toluene, not seriously contaminated with ffins, and 
this source was no longer ignored over here. Egloff, 
experimenting with a Lowe carburetted water-gas plant, 
had pointed out that in the United States more than 
8,000,000 gallons of benzene, 7,000,000 gallons of toluene, 
and 1,000,000 gallons of xylene might be gained yearly 
in this way. 

“The Artificial Silk Industry.’—Mr. Leonard P. 
Wilson, of rs. Courtauld, Coventry, gave much 
instructive information in this paper. Although a great 
deal of valuable research had been done, he stated, both 
here and abroad, since 1885, commercially very little was 
achieved over here in the past century, whilst Hilaire de 
Chardonnet began manufacturing artificial silk at 
Besangon in 1891, and 4,000 lb. of silk had been made by 
his process daily before anything was done on an indus- 
trial scale in this country. Chardonnet first squirted his 
solution of guncotton in ether-alcohol into water ; in the 
later dry spinning process the viscous solution was passed 
— a@ number of fine glass nozzles into air, and the 
threads were wound on spools with a fast backward and 
forward traverse motion to keep the threads separate ; 
the whole machine was enclosed, and the warm damp air 
was subsequently passed through a spray of amyl alcohol 
to recover the solvent. The objections against Char- 
donnet’s cellulose nitrate—liability to ual decom- 
— inflammability, difficulty of dyeimg—had partly 

m met by denitrification ; but the denitrification was 
not complete, and it reduced with the weight also the 
strength of the product. Up till 1907 Chardonnet pro- 
cesses had been very successful on the Continent, though 
never here; at present the Tubize works in Belgium 
seemed to be the only ones kept working. Various 
modifications had been tried. ‘The first successful rival 
had been the cuprammonium process, notably that of 
the Vereinigte Glanzstoff Fabriken, of Elberfeld. All 
Cupeemanenram processes started from cotton—other 
cellulose appeared to be unsuitable. The cotton was 
rs ara | treated with weak caustic soda at 2} atmo- 
S +P eres, bleached, washed and beaten before being 

issolved in the cuprammonium mixers. This solution 
was prepared by filling a large iron vessel with copper 
turnings and keeping them covered with ammonium at 
4 deg. ©. for 24 hours while blowing air into the solution. 
The mixing of the wet cotton and the solution and the 
subsequent filtering had to be effected at low temperature, 
below 5 deg. C.; otherwise copper was thrown out, and 
spinning became impossible. As in the Chardonnet 
process, the liquid was squirted through glass tubes of 
0.1 mm. bore into some coagulating fiquid ; this was 
first sulphuric acid, then caustic soda, finally glucose. 
The glucose reduced the copper in the thread and 
deposited it as a reddish oxide mud, whilst the acid bath 
dissolved the copper, producing a blue solution in which 
any broken or —- threads were invisible. The 
—_ was done on glass bobbins in acid ; twisting the 
thread followed. Mr. Wilson also gave details of the 
modification of this process which Thiele had tried at 
Yarmouth, though the modification had not the success 
it appeared to deserve. 

The third t of process, the viscose process, was 
entirely English in origin and development. The raw 
material was also cellulose, but in the form of wood, 
chiefly Norwegian spruce. The process was based on the 
discovery, made by Cross and Bevan and Beadle, in 1892, 
that cellulose, treated with caustic soda and carbon di- 
—— gave a thick syrup of golden-brown colour, chemi- 
cally cellulose xanthate, which they named viscose. The 
first viscose silk works of this country were erected by 
Messrs. Courtauld at Coventry, ir 1904; on the Continent 
works had been started before that, and other silk works 
had taken up the new process ; there were now about 30 
viscose silk works altogether. The wood was first treated 
with calcium bisulphite, as in making paper pulp ; the 
pulp sheets were mercerised in caustic soda, and the 
expressed alkali cellulose was ground into crumbs, which 
were matured; the maturing, which was an oxidation, 
was accelerated by the aid of sodium peroxide and by 
hydrates of iron or nickel as catalysts (Courtauld, Glover 
and Wilson patent). Treated salt cochen disulphide the 
matured cellulose gave sodium ranthate CgH 04. NaS. CS, 


which by successive hydrolysis broke down into cellulose | M 


hydrate, becoming at the same time more and more in- 
soluble in water ; the spinning took place at some stage, 
adjusted to the different purposes, before the hydrolysis 
wascomplete. The jets of soluble ammonium xanthate 
were forced through nozzles of platinum or other metals 
into ferrous sulphate, sulphuric acid, glucose, zinc chloride, 
&c., which made the threads insoluble and prevented 
their sticking together ; they were spun on glass bobbins 
or in the Topham centrifugal box. In the latter case 
the thread through a vertically reciprocating tube 
into a circular box saghtly rotating on a vertical spindle ; 
the centrifugal force threw the thread to the side of the 
box, where it built up an annular cake, the twist being 
given to the thread by the revolution of the box at 
several thousand turns per minute; the removed cake 
was afterwards reeled into skeins, which were washed, 
freed from sulphur, &c., bleached and dried. The thread 
was then ready for the textile works. Mr. Wilson briefly 
referred to the use of other cellulose products, ethers and 
esters, and of other materials, and to the difficult chemical 
analysis and identification of the various cellulose pro- 
ducts, especially in mixed materials ; he explained these 
te.ts with the aid of photomicrographs from his firm’s 
laboratory. The tenacity of silk was very important ; 
wet artificial silk in particular had not anything like the 
strength of natural silk, but great improvement had 
been made in the viscose during the past ten years. As 


commonly sold artificial silk had 11 ie cent. humidity. 
The hundreds of tests, physical and chemical, needed 
in the works were of great variety. As to the importance 
of the general problems we should also refer our readers 
to the recent Royal Institution discourse by Mr. C. F. 
Cross (see ENGINEERING, March 7, 1917, page 228). 

Two papers referred to rubber research. Mr. B. D. 
Porrit, in ‘“‘ Scientific Needs of the Rubber Industry,” 
pleaded for co-operation by the universities and indus- 
tries, and research on the lines done by the Rubber 
Growers’ Association, and the icultural De ment 
of the Federated Malay States and the Imperial Institute, 
the latter working in conjunction with the Government 
Agricultural Department of Ceylon. Few rubber firms 
were able lightly to face the expenditure of a purely 
research laboratory, and many works even now dispensed 
with the services of a chemist. 

The papers on “ The Chemistry of Vulcanisation,”’ by 
Dr. D. F. Twiss, of the Dunlop Rubber Company, 

roved how obscure the rubber problems really remain. 
Bold vulcanisation, he said in his long critical review 
(with excellent literature list), was generally ascribed to 
the formation of the addition product (CioHi¢)2 .S2Cle 
between the colloidal hydrocarbon and the sulphur 
chloride, hot vulcanisation by means of sulphur similarly 
to the compound Ci9Hjg. 82; a reversible solution process 
accompanied the reaction. But the theory that vul- 
canisation was merely adsorption, not chemical com- 
bination, had been revived by Wolfgang Ostwald in 
1910. Dr. Twiss certainly believed in compounds ; there 
were reversible adsorption products, however (methyl 
violet and charcoal, e.g.), and the most recent Russian 
researches, suggesting deaggregation of the rubber, 
followed by a polymerisation, advocated interme- 
diate standpoints—if we may say so for brevity’s sake. 
The changes in the properties of rubber seemed rather 
to follow combination, hot to accompany it; the com- 
pound was certainly present only in a few per cent., and 
the vulcanised rubber was probably a solution of the 
compound in the rubber. How the inorganic and 
organic accelerators really accelerated the rate of the 
vulcanisation was not understood. Discussing their 
mode of action at length, Dr. Twiss stated that he 
had experimented on the possible influence of the 
two modifications of molten sulphur, yellow SX and 
brown Sy, of which only the former was soluble in 
carbon disulphide ; the two modifications slowly passed 
into one another, but alkalis favoured the formation 
of SX and acids that of Sy. He had not found 
any noteworthy difference in the vulcanisation rates 
of the two sulphurs, however, though Dubose had 
attributed the particular efficiency of organic accele- 
rators to their producing amorphous sulphur. It seemed 
more likely that some organic substances were good 
lerators b they acted as solvents and blended 
well with the rubber. Dr. Twiss had obtained particu- 
larly good results with glycerol, in which he dissolved 
caustic alkali or organic substances. As regards the varia- 
bility of plantation rubber, in which one might expect 
more uniformity than in wild rubber, he pointed to the 
work of Eaton and Granville (in Malaya), according to 
which the serum of the coagulum was washed out of plan- 
tation rubber, whilst in wild rubberthe serum could mature 
for several days ; this maturing decomposed the protein 
matter in rubber (Stevens) into organic bases which were 
good catalysts. On the other hand Dr. Twiss remarked that 
accelerators worked equally well with rubbers from which 
the proteins had been removed. There had been great 
activity in vulcanisation research of late. One can — 
agree with Dr. T'wiss that much more research is needed. 

In giving a resumé of ‘“‘ The Present Position of the 
Activated Sludge Process,’ Mr. E. Ardern described the 
installations at Davyhulme and at the Withington works, 
Manchester, at Salford, Worcester, Stamford (Lincoln- 
shire), and in several American plants. We explained the 
general development of sewage aeration and activated 
sludge processes a few weeks ago in our issue of July 6, 
referring to the work of Mr. H. W. Clark at Lawrence, 
Mass., and of Mr. Ardern, Dr. Fowler, and others at 
Manchester, &c., and briefly describing most of these 
and other plants, and we further published in our issue 
of July 13 an illustrated description, by Mr. T. Caink, 
of the installation at Worcester. Mr. Ardern drew 
attention to a novel feature of the Davyhulme installa- 
tion—the mechanical arrangement of an automatic 
pulsating air supply. This patented device was due to 





essrs. Jones and Attwood, who had installed most of 
these plants mentioned. Attached to each air pipe 
serving @ row of diffusers was a mushroom valve, operated 
by a diaphragm receiving its air pressure intermittently 
from one of a series of pilot valves; the latter were 
operated from a camshaft turned by an air wheel im- 
mersed in oil; as a rule each set of diffusers received air 
| for 5 seconds at intervals of 10 seconds. In his summary 
Mr. Ardern recommended continuous-flow systems for 
large-scale operations ; he considered that most designs, 
so far, had failed to a certain extent as to settlement 
tanks and return of the sludge to the aeration chambers ; 
England preferred porous diffusers, America apparently 
perforated air pipes. He touched upon the difficulties 
caused by grit and fat and on the greater difficulties of 
dewatering and drying the sludge, but said very little 
about the recovery of nitrogen from the sludge, as to 
which some experts have been so sanguine. ‘ At Wolver- 
hampton Mr. W. Clifford had the whole of the sludge 
piped direct to farm lands. Of course this was not 
always possible, owing to the ition of the works, 
but it offered the advantage that the bacterial con- 
tent of the sludge would be maintained, and thus in 
addition to the food value the soil would receive 
whatever advantage was due to bacterial inoculation. 
The paper by Mr. J. E. Fletcher on ‘‘ The Superheating 
of Slags and Metals during Refining, Smelting and Alloy- 





‘ing Operations ’’ will be noticed on an garly occasion. 








CATALOGUES. 


Belting.—A belting made of layers of fine flexible 
leather joined by interlapping and sewing, and finished 
to an even thickness with strengthened edges, is described 
and illustrated in a catalogue by Messrs. John Tullis 
and Son, Limited, St. Ann’s Works, Glasgow. It can 
be supplied endless if so ordered. There is a full range 
of sizes in four thicknesses, from 4, in. to § in., and all 
usual widths from 1 in. to 40 in. 


Carbons.—The Electrical Engineering and Equipment 
Company, Limited, Bank Buildings, 109, New Oxford- 
street, London, W.C., send a catalogue of carbon manu- 
factures for lighting, welding, brushes, battery rods and 

“~— contacts ry 1 ‘women oe = = ‘ake 
or furnaces and carbon packing for 8 engines. 
Useful data, measurements a Seulaieel information 
are given, including a series of curves characteristic of 
the various grades of brushes. 


Motor Cars.—American petrol and electric cars and 
vehicles for 1917 are listed in a trade publication issued 
by the American Automobile Chamber of Commerce, 
7, East 42nd-street, New York. About 200 cars and 
vehicles made by 70 firms are tersely described, the 
particulars embracing price, seating capacity, wheels, 
tyres, brakes, engine, gearing, and lubricating, cooling, 
lighting, &c., systems. An illustration of the general 
appearance of each car is also given. 


Case Hardening.—Messrs. David Brown and Sons, 
Limited, Huddersfield, have put on the market a case- 
hardening compound which they have made after much 
practical experiment for their own gear work. Work 
pieces packed in a box of 12 cub. in. volume will, starting 
with full muffle heat and cold box, acquire @ case 
oom deep in 2} hours, with a temperature of 900 deg. C. 

e catalogue gives useful practical information and 
instructive illustrations of test pieces and examples of 
case-hardened work. 


Riveting Machines.—The John F. Allen Company, 
372, Gerrard Avenue, New York, send a catalogue of 
portable riveting machines. There are three types— 
for structural work, boiler making and lattice work— 
with a considerable range of sizes in each type. The 
power is applied through compressed air cylinders, 
which are adaptable for steam in the structural work 
machines. The machines are sized for rivets up to § in., 
1 in. and 1} in., and the reaches from 6 in. to 70 in. ; 
the hammer riveter is adapted for rivets up to 1} in. 
and reaches of 48 in., 72 in. and 84in. For all machines 
each part is separately illustrated and numbered, so that 
any replacement part can be ordered concisely and 
accurately. 


Laundry Machinery.—A system for drying clothes is 
explained and illustrated in a catalogue issued by 
Messrs. Keith, Blackman and Co., Limited, whose head 
office is at 27, Farringdon Avenue, London, E.C. The 
drying medium is a current of hot air, generated by a fan, 
passing through a nest of heaters and kept in motion till 
it carries away the steam or moist air. The drying 
cabinet or room is designed to economise the heat and to 
give the steady regular output required in laundry work. 
All the details, including an ingenious way of gripping 
and releasing the linen, are carefully worked out. For 
large laundries a travelling clothes horse is shown, and 
for small places two cabinets are worked alternately 
and continuously, the hot current being switched from 
one to the other. A traveller machine dries over 450 
bath towels per hour. 


The Curing of Cacao.—Messrs. William McKinnon and 
Co., Limited, of Spring Garden Ironworks, Aberdeen, 
have sent us a most interesting catalogue of cacao-curing 
machinery. The fruit of the cacao tree was brought to 
Europe by Columbus, and became known first as choco- 
late, and afterwards as cocoa. Chocolate had a great 
vogue in this country at one time, but it was displaced 
by coffee, and then followed by cocoa, of which immense 
quantities are now sold. Cacao was prepared for 
export for hundreds of years by hand processes, and even 
now these are still used in many places. Labour is 
generally cheap, and if fine weather could be ensured the 
result would be fairly satisfactory. But the cacao is a 
delicate product, and its value is much reduced by adverse 
weather during the harvest. First the nibs have to be 
rubbed to clean them from mucilaginous and gummy 
matters, to be fermented for several days within narrow 
limits of temperature, and to be dried. The average 
loss in weight in drying is 56 per cent., and the total loss, 
bearing in mind that the fermenting operation means a 
loss of 14 per cent., is 62.5 per cent. e percentage of 
marketable cacao produced from the pod is, therefore, 
37.5 per cent. Messrs. McKinnon construct machines by 
which all the above processes can be carried out indoors 
quite independently of the weather and of skill on the 
part of the operatives. These machines are of various 
sizes, to suit small or large plantations, and there are 
modifications of the same machine to suit other variations 
in crops and local circumstances. The desirability of 
Laving the various processes under direct control seems 
to be evident, while the capital outlay cannot be great 
when compared with the value of the crop. If it were 
possible to dry grain and hay indoors in this country 
in a few hours farming would be a more attractive 
occupation. 





Joun Fritz MEDAL PRESENTED TO Dr. H. M. Howe. 
—We very much regret that owing to a printer’s error 
the name of Dr. Henry Marion Howe, the eminent 
American scientist, was incorrectly spelt on page 102 





of our last issue. 
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GAS ENGINES, PRODUCERS, HOLDERS, &c. 


106,450. E. Tilston, London. Two-Stroke Cycle Engines. 
(1 Fig.) March 16, 1916.—This invention relates to improve- 
ments in two-stroke cycle internal-combustion engines of the 
crank-case compression type. According to the invention, the 
admission of carburetted air from the crank-case f to the cylinder 
a is effected by the piston ¢ overrunning a port d suitably 
situated in the lower part of the cylinder in known manner, while 
the exhaust port b at the upper end of the cylinder is controlled 








by a piston valve k, the under side of which is in communication 
with the crank-case f, so that the combined displacement of the 
piston ¢ and piston valve is available for forcing the carburetted 
air into the cylinder, whereby good scavenging and charging are 
ensured. The carburetted air is preferably admitted to the 
crank-case by a port 6, overrun by the piston c as it approaches 
the end of the compression stroke, but an automatic check valve 
of usual form may be adapted. (Accepted May 30, 1917.) 


106,401. J. Buchanan, Stoke, Coventry. Pistons. 
(6 Figs.) September 23, 1916.—<According to this invention, 
the piston is provided with pairs of internal ledges B projectin 
in planes normal to the axis of the piston, and a gudgeon pin 
with flattened ends which engage between the ledges and are 
connected therete. The gudgeon pin is inserted from the bottom 
of the piston upwards and then twisted through the necessary 
angle around the axis of the piston so that the flattened ends of 
the pin lie between the ledges B. When in position, the flattened 





ends are connected between the ledges by split pins or by 
screws E. The piston can be provided with internal longitudinal 
grooves, and a circular groove between the ledges, so that the 
gudgeon pin can be guided upwards in the longitudinal grooves 
and then twisted into position in the circular groove. This 
invention enables the gudgeon pin to be attached to the piston 
shell without it being necessary to form any holes in the shell, 
and, further, there are no large bodies of metal to cause serious 
trouble through unequal expansion. (Accepted May 30, 1917.) 


MINING, METALLURGY AND METAL WORKING. 


106,259. F. W. Cotterill, Limited, and G. 
Darlaston, and J. Spencer, Walsall. Liquid Fuel Furnaces. 
(2 Figs.) May 22, 1916.—This invention has reference to liquid 
fuel burners for liquid fuel furnaces. According to thisinvention, 
the body part 3 of the hydrocarbon burner has a nozzle 1 of 
Fern mpm J large bore, through which the hot blast from the 
hot-blast supply pipe 13 passes, flowing out through the front 
end into the combustion chamber 4, which communicates with 
the heating chamber 5 of the furnace. An oil pipe 9 supplies 
preheated oil in spray or jet form to the burner, and is arranged 
transversely to the direction of the flow of the hot blast through 
the nozzle 1, and terminates in an oil nozzle arranged at the top, 
or at one side of, the burner nozzle 1, and preferably at right angles 
thereto, as shown. This oil-feed nozzle 6 is set back some little 
distance in a side cavity or enlargement of the burner wall so as 
to prevent any possibility of the oil-feed nozzle being struck or 
touched by a cleaning bar when inserted in the nozzle from the 
back end, for the purpose of clearing away any slight deposit on 





the burner nozzle. As the hot blast flows through the burner 
nozzle 1, the preheated oil drips or is sprayed transversely into 
the hot blast through the oil nozzle 6, and is thereby immediately 
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vaporised, and burns in the combustion chamber or furnace, and, 
owing to the fact that the outlet oil nozzle 6isin the path of the 
— hot air, there is, when the furnace is working, an entire 
absence of deposit in the oil nozzle 6. (Accepted May 23, 1917.) 


106,077. F. W. Cotterill, Limited, and G. R. West, 
Darlaston, and J. Spencer, Walsall. Liquid Fuel Fur- 
naces. (3 Figs.) May 22, 1916.—This invention has reference 
to liquid fuel furnaces used for heating iron and steel bars 
in the manufacture of nuts and bolts, or for making drop- 
stampings or forgings. According to this invention, an auxiliary 
hot air-blast is provided and is delivered to the heating 
chamber opposite to the opening from the liquid fuel burner, 
this auxiliary hot-air blast being directed against the burning 
gases from the burner, and thus supplying hot secondary 
air to those gases, so that thorough and proper combustion 
ensues, and, moreover, by regulating this hot secondary air blast, 
the flames in the heating chamber can be controlled and the heat 
evenly distributed therein instead of, as has heretofore often 
béen the case, the heating chamber being heated more at one 
partthan another. The furnace proper is built as an open-topped 
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(106 077.) 


heating chamber 1, closed by the slab 2, in which is the waste 
heat outlet 3, the side walls of the heating chamber being built 
of the usual perforated bricks for the admission of the bars to be 
heated. The blast elbow fitting 5 and burner nozzle 6 are fixed 
at one end of the furnace, with the nozzle 6 projecting into the 
brickwork of the same, and arranged between this burner 
nozzle 6 and the heating chamber 1 there is a small combustion 
chamber 7, in which partial combustion of the gases takes place 
before entering the heating chamber 1. The auxiliary hot-air 
blast is supplied through ree 10, arranged and fixed in the 
end of.the furnace immediately opposite the burner nozzle 6, 
and is connected to the blast-heating chamber 15, the said 
chamber 15 being heated by the waste heat from the heating 
chamber through the top outlet 3. The heating chamber 15 
supplies the necessary blast to the burner nozzle 6. (Accepted 
May 16, 1917.) 


106,376. The Clyde Furnace Com y (A), Limited, and 
W. Dixon, Glasgow. -Hearth Regenerative Furnaces. 
(3 Figs.) August 17, 1916.—The object of the invention is to 
provide an improved method of repairing, whilst the furnace is 
working, burned-out cavities. The invention consists in first 
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fitting or oa at the burned-out part means capable of 
supporting or retaining the plastic refractory material in position 
in the cavity and then filling-in the required quantity of plastic 
or semi-liquid refractory material at the back of the retaining 
means, which latter is of such a nature as to stand, under 


action of the hot gases, for a sufficient length of time to allow of the 
refractory material solidifying before it is burnt away. The 
supporting or retaining means consists preferably of a plate of 
metal, or slab of fireclay, or other suitable refractory material c. 
and in the case of furnace linings the plate or slab can be inserted 
through the furnace door or otherwise and be arranged to cover 
the front of the cavity, the plate or slab being secured in place 
by means of bolts d and metal strips d). When the plate has 
been secured, the repairing material is put in by means of a 
shovel, or otherwise, until a practically vertical wall of plastic 
material f is formed, the material retaining its position, as it is 
held in place by means of the retaining plate c, and this it does 
while the heat is on the furnace and until the plate is burned 
away, by which time the plastic material has become solid and 

pp hes the strength of the original brickwork, while it also 
serves to support the upper walls and prevent their collapse. 
To enable the cavity to be readily and wholly filled up and joined 
to the material above, the patentees prefer to use a retaini 

late which, at its upper end, bends away from the wall an 
hereby forms a kind of hopper, which facilitates the insertion 
of the plastic or semi-liquid material into the cavity. When 
the retaining means consists of a metal plate or refractory slab, 
the same, as it burns away, acts as a flux and causes the surface 
of the plastic material to take on a close and hardened surface. 
(Accepted May 30, 1917.) 





MACHINE AND OTHER TOOLS, SHAFTING, &c. 


106,253. A. Herbert, Dunley Manor, near Whitchurch, 
and A. H. Lioyd, Earisdon, Coventry. Tool Holders. 
(3 Figs.) February 19, 1917.—This invention relates to holders 
for tools for cutting metal, and comprises the combination of 
two grooved clamping members adapted to grip the tool, an 
adjusting screw to vary the distance between the members, and 
aclamping screw located between the tool and the adjusting screw. 
Such a holder can accommodate tools of very different sections, 
owing to the provision of the adjusting screw, which enables the 




















two clamping members to be maintained parallel to each other. 
The main body A of the tool-holder has a V-shaped groove 
at one end, and is held up to the main body A by astud E. The 
member D has a V-shaped groove parallel with that in the main 
body, to en the tool. An adjusting screw G enables the 
member D and the main body to be maintained perce to each 
other so that tools of various sizes can be clamped satisfactorily. 
A screw H is provided under the tool in the main body for the 
Vannes of supporting and adjusting the height of the tool. 
Accepted May 23, 1917.) 


MOTOR ROAD VEHICLES. 


106,209. J. V. Ramsden, London. Motor-Propelied 
Vehicles. (3 Figs.) August 31, 1916.—It frequently happens 
that a careless driver of a motor-propelled vehicle will allow the 
engine to run while the vehicle is at rest with the gear lever in its 
neutral sition. With a view to preventing this wasteful 
consumption of fuel, the invention, in its broadest aspect, may 
be said to consist in the omy of means whereby, when a 
motor-propelled vehicle is brought to rest and the change-speed 
or gear lever is in its neutral position, the ignition system is 
automatically interrupted, thereby stopping the engine, means 
under manual control being provided for re-establishing the igni- 
tion circuit to restart the engine. The gear lever 1 of the vehicle 
is connected by the link 2 to a slidably-mounted bar 8 of insu- 
lating material having a contact plate adapted, in the ition 
of the parts shown, to make electrical contact with the brush 5, 
connected through a switch 7, to one terminal of the magneto- 
electric machine 9. The contact plate on the bar 3 is connected 
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to the opposite terminal through a switch 12. The switch 7 
is adapted to be manually —— by Bowden wire and a 

ush-button 14 mounted on the handle of the gear lever 1. 

he switch 12 is also adapted to be manually operated by 
Bowden wire and a push-button 16, the 
preferably, located on the radiator of the vehicle, or in 
some other position where it can only be operated by the 
driver first vacating his seat. It will be apparent that if 
the vehicle is at rest and the gear lever 1 in the neutral tion, 
the switch 12 will rest upon a contact point 11, thereby short- 
circuiting the magneto current and the engine, and it is 
necessary for the driver to leave his seat to operate the push- 
button 16, thereby opening switch 12, before en, 
started in. It may, in some necessary that the driver 
should allow the engine to run whilst the vehicle is at rest, and 
for this purpose the push-button 14 is provided, thereby inter- 
rupting the circuit at switch 7 and allowing the engine to run. 





(Accepted May 23, 1917.) 
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105,999. H. E. Buck, Swinton, Manchester. Chassis 
Construction. (5 Figs.) May 15, 1916.—According to the 
invention, the chassis is divided into two parts 1, 2, the adjacent 
ends of the load-carrying and motor-carrying parts being 
supported upon a common axle 4, upon which are mounted the 
tractor wheels 5. Rigidly connected to the axle 4 are two sets 
of stay bars 6, 6, and 7, 7, constituting a rigid under-frame with 



































elongated collar is formed flat, and the co-acting washer is 
formed cup-shaped with projections adapted to enter and fill 


the slots in the flat dise and to abut against the enlarged end of 
the plunger, the depth of the recess in the cup-shaped washer 
being such that a small space is left between the face of the collar 
and the bottom of the recess. The buffer plunger 3 has a short 
portion 6 of reduced diameter supported in the inner coil of the 
volute spring 14, an annular groove 7, and a collar 8 furnished 
with flat faces 9. The flat washer 4 adapted to fit in the groove 7 
is, as shown in Fig. 4, furnished with an aperture 10 of the same 
shape and size as the collar 8 on the plunger, so that it may slide 
over the said partinto the groove 7, in which itis given a half-turn 
so that the flats 4z on the washer are at right angles to the 
flats 9 on the collar 8. With the flat washer in this position, 
the cup-shaped locking washer 5, Fig. 3, is slipped over the 
rt 6 of the plunger, the projections 11 formed thereon being 
Reid in such a position that they will enter the spaces existing 
between the rounded surface of the plunger and the ends of the 
aperture 10 in the flat washer, the outer end of such projection 
abutting against the face 3z of the plunger 3. When the parts 
are in position in the casing 1, the face of the flat washer 4 bears 
against a shoulder 13 formed on the interior of the casing 1, and 
the locking washeris maintained in position by means of the volute 
spring 14, the inner coil of which is adapted to act as a guide and 
support for the part 6 of the plunger. (Accepted May 23, 1917.) 


SHIPS AND NAUTICAL APPLIANCES. 


106,330. Scott's Shipbuilding and —— ae Company, 
Limited, and J. Richardson, Greenock. Submarine or 
Submersible Boats. (2 Figs.) May 19, 1916.—This invention 
relates to submarines or submersible boats of the type equipped 
with means for admitting air to the engine-room and allowing 
the exhaust gases to pass off when the boat is submerged to such 
an extent that the periscope is above the surface while the 
ing tower may be submerged ; the means for admitting air 














said axle. Across the bars 7, 7 is arranged a transverse spring, 
the apex of which supports the rear end of the motor frame 2. 
Journalled in the ends of the bars 6, 6 is a cross-bar 9, the centre 
of which is formed with a collar through which passes the cardan 
shaft 11, having a universal joint 12, whose centre of movement 
coincides substantially with the point of intersection of the axial 
and transverse centres of the cross-bar 9. (Accepted May 16, 
1917.) 


106,437. The Birmin: m and Midland Counties Trans- 
ome Company, Limited, and G. E. D. Ralls, Birmingham. 

pring Mountings. (3 Figs.) May 24, 1916.—This invention 
relates to spring mountings for motor vehicles of the type in 
which the wheels, which are coupled to the chassis by spring sus- 
pension means, are furnished with rods extending longitudinally 
of the chassis and coupled to the latter by means which permit 
of a longitudinal movement of such rods inst the resist 
of suitable resilient media. According to the — invention, 
the rods 0, which extend longitudinally of the c is, are coupled 
to the latter by mechanism comprising or involving a pivotally- 





rocking lever m, which co-operates with a plurality of resilient 


elements incorporated in opposed relationship with each other. 
The lever mis, at its upper extremity, bifurcated to accommodate 

















consisting of an air inlet connection A, auxiliary to the usual air 
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inlet, with the air admission opening above the top of the conning 
towerand fitted with a valve B adapted to be closed automatically, 
the inner end either being fitted with pipes D leading to different 
parts of the vessel or discharged into the machinery space at a 
point remote from the air intake to the heat engines, the exhaust 
expelling means including a reservoir E for the exhaust products, 
with a valve G controlling the discharge and arranged to open 
when the pressure in the reservoir exceeds the pressure due to the 
head of the water. (Accepted May 30, 1917.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


106,424. H. L. Butterworth, Swinton, and Lancaster and 
Tonge, Limited, Pendleton, Manchester. Steam Traps. 
(3 Figs.) November 22, 1916.—The invention relates to the 
type of trap in which a valve is controlled by a float in such a 
manner that the water, after passing the valve, passes through 
the float and into the box or vessel containing the latter. It is 
now p d to carry the valve C and seating D on the upper 











a rod p adapted to slide or move longitudinally in a hollow 
Both extremities of the rod p 
rt q and carry at their 


boss-like part ¢ of the bracket i. 
pass axially out of the hollow boss-like 
extreme ends nuts, in relation to which the minor extremities 
of spiral springs # operate. The major extremity of each 
spring s operates in relation to a plate or cup ¢t which is provided 
y ao a sleeve encircling the rod p, one of these sleeves being 
disposed on each side of the bifurcated upper extremity of the 
lever m, so that the springs s, s are thereby enabled, through the 
medium of the p and members ¢, to control the rocking 
movement of the memberm. (Accepted May 30, 1917.) 


RAILWAYS AND TRAMWAYS. 


106,240. A.B.C. Coupler, Limited, Westminster, and 
Vv. J. H. Webb, Bradmore, Wolverhampton. Buffers. 
(8 Figs.) December 28, 1916.—This invention is connected with 
the buffers of railway vehicles. The invention relates to the 
means by which the buffer plunger is retained in its casing, and 





more particularly to that type of retaining means wherein one 
or more inter-e: ng washers are —— to co-act with a 
collar or part on the buffer plunger. According to this invention, 
the washer adapted, when in use, to be located in the recess 


end of an |_-shaped pipe or bend E which forms the inlet to the 
trap, the lower or horizontal end of the pipe being bolted or 
otherwise secured to the end of the box or vessel containing the 
float. The float A is preferably cylindrical, and has a hole F in 
the underside at one end large enough to admit the valve and 
seating and the upper end of the pipe supporting them. The 
valve is operated by a hinged lever G attached to the seating 
and also to the end of the float in such a manner that the latter, 
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whilst fixed to the lever at one end, is free to fall at the other 
80 as to open the valve, or rise so as close it. Owing to the valve 
being located inside the float, it discharges directly into it. 
A down tube J, or similar apparatus, is fitted to the float to 
allow the water to escape from it, while trapping the vapour 
which occupies the upper part of the float and causes it to rise 
when the water has sufficiently escaped. To prevent the water 
escaping except to a small extent through the hole F, the corner 
of the float is rounded off to a radius taken from the pivot H 
of the hinged lever G and a flange K is formed or fastened on 
the pipe E to fit the curved corner, so as to leave a space between 
it and the corner of the float of not more than one-sixteenth 
ofaninch. (Accepted May 30, 1917.) 


MISCELLANEOUS. 


106,322. J. Chignell, Acocks Green, Birmingham, and 
TheF don Works and H, Pontifex and Sons, Limited, 
Lendon. ure-Reducing Valves. (3 Figs.) May 17, 
1916.—The invention relates to pressure-reducing valves. A 
reducing valve, according to this invention, comprises a casing a 


supporting spindle e and a piston d of large area, said piston 
acting as an axial guide and support within the casing in a recess w 
in which it can slide. 
centrally comprise the central spindle e secured to the diaphragm 


The means of supporting the diaphragm ¢ 
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and a bearing in the outer end of each half of the casing, one of 
the said bearings f being axially movable within the casing to 
adjust a spring between itself and the diaphragm whilst the 
spindle projects from one end of the adjustable bearing for testing 
purposes. (Accepted May 30, 1917.) 


106,251. C. H. Thompson, Bournville, Birmingham, 
and W. Mavitta, Aston, Birmingham. Drafting Ma es. 
(5 Figs.) January 29, 1917.—This invention has reference to 
drafting machines of the type in which a drawing square and 
protractor are combined in a single angularly-adjustable unit 
that is pivotally mounted in a protractor housing carried by a 
parallel-motion link arrangement adapted to be mounted upon 
or anchored to a drawing board. It is proposed, according to 
this invention, to use, as a mounting or support for an adjustable 
slide, a long or extended guide or runner which is adapted to 
be directly secured to the upper part of a drafting table and 
parallel with the longer edges thereof, so that by moving the slide 
along the said guide or runner the machine can be shifted to any 





part of the table or board where it may be required for use. 
Each of the slides a on which the parallelogram arms }!, b2 are 
pivoted is mounted in, and is longitudinally adjustable within, 
an attachment consisting of a channelled or dovetailed sectioned 
strip or bar c of metal or other suitable material, which is fixed 
to the face of the upper part of the drawing table, parallel with 
the longer edges thereof, and is of such a length as will provide 
for an extensive range of adjustment of the machine relative to 
its attachment, so that the square and protractor unit can be 
shifted or transported to, and used upon, any part of a long 
drawing; the extent of such range being limited only by the 
length of the guide or runner attachment wherein the slide is 
mounted. (Accepted May 23, 1917.) 





CANADIAN Rattways.—We read in The Iron Age that 
the Imperial Munitions Board of Canada has confirmed 
the statement that it has authorised the Algoma Steel 
Corporation and the Dominion Iron and Steel Company 
to roll 50,000 tons of standard section rails. The Board 
does not state what is to be done with these rails, but 
it is believed they will be distributed among Canadian 
railways, which helped the Dominion Government last 
year by taking up rails which were in track and shipping 
them across the Atlantic for use in the war zone. ese 
railways were unable to receive new rails from mills in 
the United States. 


Trx-Mrnine in British Maraya.—Last year was & 
Cemragg one for tin miners in the Federated Malay 
tates. Although the output was 2,896 tons less than 
in 1915, higher prices ruled throughout the year, and the 
total value of the 43,870 tons exported amounted to 
7,526,5661., against 7,164,968/. for 46,766 tons in 1915. 
The average price on the local market was equivalent to 
1712. lls. 2.1d. in 1916, against 1537. 4s. 3.1d. in 1915; 
on the London market the lowest price was 1611. 10s. 
per ton and the highest 205/., the average being 
1827. 38. 5d. per ton. In his yearly review of mining in 
the Federated Malay States the senior warden of mines 
(Mr. W. Eyre Kenny, M.Inst.C.E.) gives the following 
maga table of output and value of tin in the four 

tates :— 


1916. 
Tons. 
27,242 
12,241 
907 
3,480 
43,870 


1915. 1915. 
| £ 


| 1916. 
4,675,379 
2'099,072 

155,887 
596,228 





7,526, 566 





46,766 7,164,968 





made in halves, a diaphragm c held at its edge between the faces 





formed between the enlarged outer end of the plunger and the 


of said halves and clamped centrally between a flange n on the 


Shipping and other charges showed an increase in 1915. 





